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Sir 

DECLARATION UNDER 37 C.F.R. § 1.132 

I, Dr. Joachim Manfred Wink, declare and state that: 

1 . I am a citizen of Germany, residing at Magdeburger Strasse 14, 63322 
Rodemnark, Germany. 

2. In 1985, 1 obtained a degree of Doctor of Science (Dr. phil. nat.) at the 
Faculty of Biology of Johann Wolfgang Goethe University in Frankfurt. 

3. In 1985, 1 was a Laboratory Manager at Hoechst AG, Department of 
Biotechnology (central research). In 1992, 1 moved to Pharmaceutical Research at 
Hoechst AG with the task of assembling, maintaining and administering a collection of 
strains comprising about 20,000 isolates for natural substance screening. In 1997, 



Group Art Unit: 1623 
Examiner: Elli Peselev 



Hoechst AG became Hoechst Marion Roussel Deutschland GmbH. In 2000, a merger 
with Rhone-Poulenc created Aventis Pharma; Aventis Pharma Deutschland GmbH 
belongs to Aventis Pharma. After this merger, there are currently more than 60,000 
isolates of Actinobacteria in the collection. 

4. The Experiments described in this declaration were performed by me or 
under my direct supervision, unless othenA/ise indicated. 

5. The strain designations and deposit numbers of the strains used in the 
comparisons reported in this declaration are listed in Table 1 . 



Table 1: Strains of the genus Streptomyces used for direct comparative studies 



Species 


Strain Designation 


Deposit No. 


Document 


Streptomyces spp. 


ST 104890 


DSM 4200 


US 5,252,472 


Streptomyces spp. 


FH 6387 


DSM 421 1 


US 5,252,472 


Streptomyces spp. 


FH 6388 


DSM 4349 


US 5,252,472 


Streptomyces spp. 


FH 6389 


DSM 4355 


US 5,252,472 


Streptomyces spp. 


ST 101396 (identical to 
HAG 012114) 


DSM 13309 


USSN 09/966,109 



6. Morphology and Colony Growth 

For comparison of the morphology and colony growth, the strains were cultivated 
on agar media: ISP 2 is Medium 2 in Shirling and Gottlieb, ISP 3 is Medium 3 in Shirling 
and Gottlieb, and so forth. E. B. Shirling and D. Gottlieb, Methods for Characterization 
of Streptomyces Species, 16 International Journal of Systematic Biology, 313, 315-318 
(1966). This reference is also referred to as the International Streptomyces Project. 
Growth, color of the substrate mycelium, color of the soluble exopigment, and color of 
aerial mycelium have been determined; see Table 2 and strain cards in Appendix B. 
The assessment of growth was performed according to Shirling and Gottlieb. The color 



determination was made according to the RAL color code (RAL is Deutsclies Institut fur 
Gutesiclierung und Kennzeichnung e.V. - Reichsausscliuss fur Lieferbedingungen). 
Color photographs showing colony color and growth morphology on media ISP 2 and 
ISP 3 are provided in Figures 1 and 2 in Appendix C. DSM 13309 has a characteristic 
mouse grey aerial mycelium and is the only strain which is melanin positive on the 
tyrosine containing medium. The soluble exopigment has color in Suter medium (Suter, 
M.A., 1978, Isolierung von Melanin negativen Mutanten aus Streptomyces glaucescens, 
Dissertation, ETH Zurich 6276), and the pigment formation is not correlated with 
melanin. 

Table 2. Colony characteristics of Streptomyces sdd DSM 4200. Streptomyces 
spp DSM 421 1 . Streptomyces spp DSM 4349. Streptomyces spp, DSM 4355 and 
Streptomyces spp, DSM 13309 



Culture 
medium 


Strains 


DSM 4200 


DSM 4211 


DSM 4349 


DSM 4355 


DSM 13309 


ISP 2 


SM saffron yellow 
AM beige red 
SP none 


SM fawn brown 
AM beige red 
SP none 


SM maize yellow 
AM squirrel grey 
SP none 


SM sand yellow 
AM grey white 
brown 
SP ochre brown 


SM sand yellow 
AM mouse grey 
SP none 


ISP 3 


SM red orange 
AM beige red 
SP none 


SM brown beige 
AM beige red 
SP none 


SM sand yellow 
AM squirrel grey 
SP none 


SM signal yellow 
AM grey white 
SP light pink 


SM ivory 

AM mouse grey 

SP none 


ISP 4 


SM oxide red 
AM beige 
SP none 


SM beige 
AM grey white 
SP clay brown 


SM copper brown 
AM squirrel grey 
SP none 


SM nut brown 
AM grey white 
SP none 


SM ivory 

AM mouse grey 

SP none 


ISPS 


SM sand yellow 
AM none 
SP none 


SM ivory 
AM none 
SP none 


SM sand yellow 
AM none 
SP none 


SM beige 
AM none 
SP none 


SM light ivory 
AM none 
SP none 


ISP 6 


SM honey yellow 
AM none 
SP none 


SM sand yellow 
AM none 
SP none 


SM sand yellow 
AM none 
SP beige grey 


SM sand yellow 
AM none 
SP none 


SM sand yellow 
AM none 
SP none 


ISP 7 


SM brown beige 
AM none 
SP none 


SM sand yellow 
AM none 
SP none 


SM sand yellow 
AM none 
SP none 


SM sand yellow 
AM none 
SP none 


SM beige 
AM none 
SP mahogany 
brown 



Formation and color of: SM, substrate mycelium; AM, aerial mycelium; SP, soluble exopigment 



7. Carbohydrate Utilization 

The method described in the International Streptomyces Project was used to 
determine carbohydrate utilization. Id, at 335-336. All strains show a different pattern. 
Only DSM 4349 and DSM 4355 show similarity in most of the carbohydrates; the only 
difference is the use of D-xylose by strain DSM 4349. 



Table 3. Utilization of carbohydrates by Streptomyces spp DSM 4200, 
Streptomyces spp DSM 421 1 , Streptomyces spp DSM 4349. Streptomyces spp, DSM 
4355 and Streptomyces spp. DSM 13309 



Carbohydrate 


Strains 


DSM 4200 


DSM 4211 


DSM 4349 


DSM 4355 


DSM 13309 


glucose 


+ 


+ 


+ 


+ 


+ 


L-arabinose 


+ 




+ 


+ 


+ 


sucrose 


(+) 




+ 


+ 




D-xylose 


(+) 




+ 


(+) 




l-inositol 


(+) 




+ 


+ 




mannitol 


(+) 




+ 


+ 


+ 


D-fructose 


+ 




+ 


+ 


+ 


rhamnose 


(+) 




+ 


+ 


+ 


raff i nose 


(+) 




+ 


+ 


+ 


Growth not bet 


ter than the negative control 



(basal medium without a carbon source) 
Growth equal to or better than the positive control 

(basal medium with glucose) + 
Growth better than the negative control, 

but less than the positive control (+) 



f 



8. Enzymatic Activities and Physiological Characteristics 
The enzymatic activities and physiological characteristics of the strains were identified 
with API ZYM and API 20E test kits purchased from bioMerieux and used according to 
the manufacturer's instructions. Table 4 shows that characteristic differences exist 
between all strains. 



Table 4. Enzymatic activities and physiological characteristics of Streptomyces spp 
DSM 4200, Streptomyces spp DSM 4211, Streptomvces spp DSM 4349, Streptomvces 
spp DSM 4355 and Streptomyces spp. DSM 13309 





Strip Test 


Strains 




DSM 4200 


DSM 4211 


DSM 4349 


DSM 4355 


DSM 13309 




Phosphatase alkaline 


V / 


+ 




+ 


+ 




Esterase (C4) 




+ 


+ 








Esterase Lipase (C8) 


+ 


+ 


+ 








Lipase (C14) 




+ 










Leucine arylamidase 














Valine arylamidase 


+ 


+ 


+ 


+ 


+ 




Cystine arylamidase^ 














Trypsin 


+ 


+ 


+ 




-f- 




Chymotrypsin 


4- 


+ 


+ 


+ 




N 


Phosphatase acid 










+ 


Naphthol-AS-BI- 












< 


phosphohydrolase 


+ 


+ 


+ 


+ 


+ 


a galactosidase 






(+) 


+ 


+ 




R galactosidase 


+ 






+ 


+ 




& glucuronidase 






(+) 








a glucosidase 


+ 


+ 


+ 


+ 


+ 




11 glucosidase 








+ 


+ 




N-acetyl-(J- 














glucoseamidase 


+ 


+ 




+ 


+ 




a mannosidase 


+ 


+ 




+ 


+ 




a fucosldase 














beta-galactosidase 


(+) 




+ 


+ 


+ 




arginine dihydrolase 


+ 


+ 


+ 


+ 


+ 




lysine decarboxylase 




+ 




+ 




LU 


ornithine dacarboxylase 


+ 


(+) 


+ 


(+) 


+ 


o 


citrate utilization 


+ 


+ 


+ 


+ 


+ 


CM 


H2S production 












1 


Urease 


+ 


+ 


+ 


+ 


+ 




tryptophane desaminase 














indole production 














acetoin production 






+ 


+ 






gelatinase 


+ 


+ 


+ 




+ 



f 

9. Fatty Acid Analyses 

The fatty acid analyses (1 ) show that DSM 1 3309 is different from the other 
strains and (2) confirms that DSM 13309 is of the Streptomyces genus. The analyses 
of the cell wall fatty acids were carried out by the HP/MIDI system using the modified 
extraction procedure of Aretz etal. HP5898A Bakterien-ldentifizierungssystem, Hewlett 
Packard User Manual; L. Miller, Gas-Liquid Chromatography of Cellular Fatty Acids as 
a Bacterial Identification Acid, Hewlett Packard, Application Note 228-37; J. P. Siegel A. 
R. Smith and R, J. Novak, Comparison of the Cellular Fatty Acid Composition of a 
Bacterium Isolated from a Human and Alleged to be Bacillus sphaericus with That of 
Bacillus sphaericus Isolated from a Mosquito Lan/icide, 63(3) Applied and 
Environmental Microbiology, 1006-1010 (1997) (see page 1007, left col.); W. Aretz, J 
Meiwes, G. Seibert, G. Vobis and J. Wink, Friulimicins: Novel Lipopeptide Antibiotics 
with Peptidoglycan Synthesis Inhibiting Activity from Actinoplanes friuliensis sp. nov. L 
Taxonomic Studies of the Producing Microorganism and Fermentation, 53(8) J. 
Antibiotics, 807-815(2000). 

These analyses show that all five strains have the characteristic iso and ant-eiso 
branched fatty acids of the genus Streptomyces; see Table 5. Detailed fatty acid 
profiles are provided in Appendix D. 



Table 5. Fatty acid patterns of Streptomvces spp DSM 4200. Streptomvces sdd 
DSM 421 1 ■ Streptomvces spp DSM 4349. Streptomvces spp. DSM 4355 and 
Streptomvces spp. DSM 13309 



Fatty Acid 


Strains 


DSM 4200 


DSM 4211 


DSM 4349 


DSM 4355 


DSM 13309 


14:0 ISO 


9.04 


8.82 


6.37 


7.96 


8.84 


15:0 ISO 


4.72 


6.85 


9.47 


14.00 


7.41 


15:0 Anteiso 


16.06 


21.28 


14.25 


21.02 


22.26 


16:0 ISO 


28.98 


20.75 


15.84 


28.04 


23.04 


16:0 


7.94 


8.48 


13.92 


20.30 


8.74 


1 7:0 Anteiso 


3.95 


6.58 


3.92 


8.67 


6.18 



10. Ribotyping 

Ribotyping is a molecular method based on the analysis of restriction fragment 
length polymorphs of ribosomal RNA genes. The RiboPrinter system combines the 
molecular processing steps for ribotyping in a stand-alone, automated instrument. 
These steps include: cell lysis, digestion of chromosomal DNA with restriction enzymes 
(kits for EcoRI and PvuW are available, but other restriction enzymes can be used), 
separation of fragments by electrophoresis, transfer of DNA fragments to a nylon 
membrane, hybridization of the DNA fragments to a probe generated from the rrnB 
operon from E. co//, chemoluminescence detection of the probe attached to the 
fragments containing rrn operon sequences, image detection and computerized 
analysis of RiboPrint patterns. With the aid of RiboPrint pattern, microorganism strains 
can be differentiated from one another. Some references in Appendix A relate to 
Ribotyping. 

Standardized, automated Ribotyping was not performed by me or under my 
supervision but was performed by the German Culture Collection (DSMZ) using the 
Qualicon™ RiboPrinter system. The restriction enzyme PvuW was used to digest the 



chromosomal DNA of the strains ST 101396 = DSM 13309 (ID 03-1309), ST 104890 = 
DSM 4200 (ID 03-1310), DSM 4349 (ID 03-1311), DSM 4355 (ID 03-1312) and DSM 
421 1 (ID 03-1313). The RIboPrints of the ribotyping analysis can be found in Appendix 
E. A summary of the results obtained from the RiboPrinter System follows: 

a. The patterns of the strains ST 101396 = HAG 0121 14 = DSM 13309 (ID 
03-1309), ST 104890 = DSM 4200 (ID 03-1310), DSM 4349 (ID 03-131 1), DSM 4355 
(ID 03-1312) and DSM 4211 (ID 03-1313) differ from each other. 

b. Strain ST 101396 = DSM 13309 (ID 03-1309) was automatically 
correlated by the DuPont Identification Library as Streptomyces rutgersensis subsp. 
castelarensis. The respective entry of the Identification Library is based on strain 
Streptomyces rutgersensis subsp. castelarensis DSM 40830^. The comparative 
RiboPrint of DSM 13309 and DSM 40830^ shows 92% homology. Since greater 
than 99% homology is needed to show identical subspecies, DSM 13309 and DSM 
40830^ are different subspecies. Further, DSM 40830^ is not known to produce 
Citrullimycines. 

c. Strain DSM 4349 (ID 03-131 1 ) was automatically correlated by the 
DuPont Identification Library as Streptomyces coeruleorubidus. The respective entry of 
the Identification Library is based on strain Streptomyces coeruleorubidus DSM 40145^. 

d. The strains ST 104890 = DSM 4200 (ID 03-1310), DSM 4355 (ID 03- 
1312) and DSM 421 1 (ID 03-1313) did not show similarities higher than 0.85 to entries 
of the DuPont Identification Library and were therefore not identified automatically. The 
pattern of strain ST 104890 = DSM 4200 (ID 03-1310) shows the highest similarity to 
this of Streptomyces fradiae DSM 41634 (0.69) within the DSMZ internal database. 



The pattern of strain DSM 4355 (ID 03-1312) shows the highest similarity to those of 
Streptomyces iakyrus DSM 40482^ (0.65) and Streptomyces crystallinus DSM 40945""^ 
(0.64) of the DSMZ database. The pattern of strain DSM 421 1 (ID 03-1313) shows the 
highest similarity of those of Streptomyces griseoloalbus DSM 40468^ (0.77) and 
Streptomyces netropsis DSM 40093 (0.74) of the DSMZ database. 

1 1 . The above results clearly and unambiguously demonstrate that DSM 
13309 is a different species than the others listed above, and that, in light of this 
comparison, DSM 13309 is a novel microorganism. 

12. I declare further that all statements made herein (including the 
Appendices) of my own knowledge are true and that all statements made on 
information and belief are believed to be true; and further that these statements were 
made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may jeopardize the validity of 
the application or any patent issuing thereon. 





Appendices 

A. Related References 

B. Strain Cards Showing Additional Details of Morphological and Physiological 

Characteristics 

C. Figures 1 and 2 Showing Colony Color and Growth 

D. Details of the Fatty Acid Analyses 

E. RiboPrints of the Ribotyping Analyses 



Appendix A 



Related References 

HP5898A Bakterien-ldentifizierungssystem, Hewlett Packard User Manual. 

Riboprinting, printed from http://homepages.lshtm.ac.uk/entamoeba/riboprnt.htm, on 
March 9, 2004. 

W. Aretz, J Meiwes, G. Seibert, G. Vobis and J. Wink, Friulimicins: Novel Lipopeptide 
Antibiotics witti Peptidoglycan Synthesis Inhibiting Activity from Actinoplanes 
friuliensis sp. nov. I. Taxonomic Studies of the Producing Microorganism and 
Fermentation, 53(8) J. Antibiotics, 807-815 (2000). 

J. L. Bruce, Automated System Rapidly Identifies and Characterizes Microorganisms in 
Food, 50(1) Food Technology, 77-81 (1996). 

J. L. Bmce, R. J. Hubner, E. M. Cole, C. I. McDowell and J. A. Webster Sets ofEcoRI 
fragments containing ribosomal RNA sequences are conserved among different 
strains of Listeria moncytogenes, 92 Proc. Natl. Acad. Sci. USA, 5229-5233 
(1995). 

L. Miller, Gas-Liquid Chromatography of Cellular Fatty Acids as a Bacterial Identification 
Acid, Hewlett Packard, Application Note 228-37. 

E. B. Shirling and D. Gottlieb, Methods for Characterization of Streptomyces Species, 
16 International Journal of Systematic Biology, 313, 315-318 (1966); This 
reference is also referred to as the International Streptomyces Project. 

J. P. Siegel A. R. Smith and R. J. Novak, Comparison of the Cellular Fatty Acid 

Composition of a Bacterium Isolated from a Human and Alleged to be Bacillus 
sphaericus with That of Bacillus sphaericus Isolated from a Mosquito Larvicide, 
63(3) Applied and Environmental Microbiology, 1006-1010 (1997). 

J. T. Tang, D. Cleland and D. Emerson, Characterization of Bacteria by Ribotyping, 
23(1)ATCC Connection, 1 (2003). 

J. A. Webster, T. L. Bannerman, R. J. Hubner, D. N. Ballard, E. M. Cole, J. L. Bruce, 
F. Fiedler, K. Schubert, and W. E. Kloos, Identification of the Staphylococcus 
sciuri Species Group with EcoRi Fragments Containing rRNA Sequences and 
Description of Staphylococcus vitulus sp. nov., 44(3) Int. Journ. Sys. Bact., 454- 
460(1994). 
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Enterobader cloacae (9 Stamme) 
Shigella flexneri (10 St^me) 
Bordetella parapertussis (6 Smmme) 
Morganelia morganii (6 Stawme) 
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Species 

Pseudomonas 

Ps. cepacia (21StSrnme) 
Ps. marginata (13 Stimme) 
Ps. putida biovarA (6 Stamme) 
Ps, sotanacearum (16 Stamme) 



12.-0 



12:0 20H I 



14,'0 



14:0 30Hi S 



lenciso 



IBHI 

17:0 Cyc 



Sub Species 

Pseudomonas fluorescens 

Ps. fluorescens biovarl (6St&mme) 
Ps, fluorescens blovar II (7St&mme) 
Ps. fluerescens blovar III (6 Stamme) 
Ps. fluorescens blovar V (8 Stamme) 
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Riboprinting 

(Based on refs. 1, 2 and 21) 
BACKGROUND 

Many eukaiyotic microorgamsms have a simple structure that does aot lend itself well to tlie 
traditioiial, morphology-based, classification systems. This is often due to secondary loss of 
cytoskeletal and flagellar microtubules which eliminates ihe very structures fliat ate used most in 
protist classification schemes. Molecular methods can generate new characters for use in 
classification regardless of the nwrphological complexity of the organism of interest 

The polymerase chain reaction (PGR) amplifies large amounts of a specific DNA seqtience fixjm an 
organism using oligonucleotides complementaiy to the sequence to prime its replication by the DNA 
polymerase enzyme. As it fbeoreticaUy can be used with a 

method clearly has many advantages where material is limiting. For a PCR-based method to generate 
useful data for classification, certain criteria must be met it must not be dependent on prior 
kaowledge of the genetic organisation of the organism; it must not be affected by the presence of 
bacterial DNA in the sample, as many eukaryotic microbes are found in association with numerous 
fi:ee-li\ang or symbiotic bacterid the DNA sequence to be analysed must be ubiquitous and 
conserved in the organisms of interesi; the sequence must at the same time be variable enough so 
that species specific markers can be identified. Genes that match these apparently contradictx>ry 
criteria include those encoding the small and large subunit ribosomal RNAs (rDNA). 

The structure of rDNA is mosaic in nature, consisting of interspersed stretches of highly conserved, 
moderately conserved and divergent sequences. Regions can be identified that are conserved amor^ 
all eukaryotic nuclear rDN As but are distinct enough fiom bacterial rDNAs such that no 
amplification of the latter will occur in the PGR reaction. This method of specifically amplifying 
eukaryotic rDNA was first desoibed by Medlin et al. ^ as a way to isolate these genes for cloning 
and DNA sequencing. This approach has been very successfiil and is largely responsible for the 
availability of hundreds of Ihe eukaryotic small subunit rDNA sequences currently inthe databases. 
However, DNA sequencing is a labour mtensive and expensive proposition if many different related 
organisms are to be studied. Therefore a way of examining these genes is needed that is 
comparatively quick and inexpensive, so that multiple isolates of the same species as well as related 
species can be examined, but that will still yield useful data, 

The metiiod I call riboprinting combines the restriction site polymorphism analysis with ttie rDNA 
amplification method of Medlin to study sequence variation in the small subunit rDNA indirectiy 
and it was first described by this name m 1991 [4], The same ^proach was also developed 
independently by mycolog^ [5] and bacteriologists, where it is sometimes known as ARDRA 
(amplified ribosomal DNA restriction analysis; see [6]). I originally developed die method with die 
goal of studying relfltinnghipg fltnnrtp s pecies of Entamoeba, but the same approach has been xised 
successfully in a number of taxonomically diverse protist and fungal genera [7r.l4]* 



httpv7homepafies.lshtai.ac.uk/entamoebaMbopmthtm 
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Heat 

Denaturation 
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Gel Hectrophoresis Digestion 
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Reaction 



SmaH Subuait 
rRN A Gene * 



The method is shown diagratamatically in above figure. DNA is jjgn^f^tfi^! &om the oiganisms and 
used as Ihe template in a polymerase chain reaction. Two of &e most highly conserved sequences in 
the small subunit rDNA are at each end of the small subunit gene. Oligonucleotide piimers that are 
complementary to these regions can are used to amplify the small subunit rDNA. Aiter the PGR is 
completed, a large quantity of ^wiiat is essentially the complete small subunit rDNA has been 
generated. This amplified rDNA is then digested with restriction enzymes and the fragments 
separated in agarose gels along with a DNA size marker. The gels are then stained and photogmphed 
to provide a permanent record. Some of the restriction sites will &II in conserved regions and some 
in variable regions and this allows sequence polymorphisms to be detected as differences in flie 
restriction fragment sizes. 

As can be seen in the figure, species will often share one or more comigrating fragments for each 
restriction en2yme. Since the number of comigrating fragments will decrease as the gene sequences 
diverge, riboprinting can also be used to estimate genetic distances among species and algorithms 
have been developed that allow this to be done [15], What riboprinting does is sample tiie gene 
sequence mdirectJy, The proportion of the gene sampled depends on the number of restriction 
enzymes used in the analysis, the size of tiie restriction enzyme recognition site, and how often they 
cut the gene* I routinely use 12 enzymes each with a four base recognition sequence and I find that 
this results in the sampling of 10-15% of the gene sequence without any cloning or sequencing of the 
DNA being necessary. In addition to generating estimates of genetic distance, the riboprint patterns 
can be used in parsimony analysis wifli each DNA fragment being viewed as an individual character. 

Riboprinting is thus a method that does not require large amounts of starting material, it is quick, it is 
reproducible and it uses tools that can be found in almost every molecular biology laboratory, 

METHODS 

Polymerase Chain Reaction Amplification 

1. Create a standard PGR master mix allowing 45 (il per reaction - 



for reactions thaw the solutions on ice and mix; 
• 5xZ fil of lOxPCR buffer 
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• 0.5xZ fil of each primer in the pair (200 fiM stock solution) (Note) 

• 2x2 ^1 of each dNTP (10 \M stock) 

• 0.5xZ jal of Tb? Polymerase 

• SaSxZ (il of HjO, 

Briefly vortex the mix, spin it doAvn in a microcentrifuge and place it on ice. 

2. Place 5 jil of each DNA solution in 0,5 ml microcentrifuge tubes on ice, aliquot 45 \xL of the 
master mix into each tube and overlay the reaction mixture with 50 pi of li^t mineral oil. fNote^ 

3- Progrsm the thermal cycler to run 30 cycles of: 94*=* C - 1 minute; 55*=* C - 1-5 minutes; and 12^ C - 
2 minutes. Transfer the reaction tubes ftom the ice to the block and start the cycle sequence. 

4. After cycling is over, extract the reactions wth 1 00 [il of CHQ^, briefly spin and remove the 

supernatant to a clean microcentrifuge tube. Success of the amplification reaction can be monitored 
by electrophoresis of an aliquot in a 0,8% agarose gel in IX Tris Borate Buffer at 10 V/cm for 1 
lK)ur. The gel is then stained in 1 fig/ml ethidium bromide and destained in water for 15 mirmtfts each 
on a rotary platform shaker before visualization of the DNA on a UV transUluminator and 
photographing the gel to obtain a pemianent record. 

5- Meanwhile, precipitate the amplification products by adding 0,1 volume of 3 M sodium acetate 
and 2 volumes of 100% ethanol. Vortex the mixture and let it stand for at least 5 minutes at room 
temperature. Spin the tube at fuU speed in a microcentcifuge for 15 minutes, wash the pellet with 200 
\xi of 70% etfaanol by spinning for 5 minutes, then dry and resuspend it in 50 |il H2O. 

6. To visualize the full restriction pattern it is necessary to remove residual primers by passing the 
amplification product over a Sephacryl S400 (1 ml packed volume) spin column before digestion 
(see here for details). 

7. The product is digested with restriction enzymes. The more enzymes used the more information is 
obtained - 1 recommend 12 enzymes all of which recognise a 4-base sequence. 

CAVEATS 

Riboprinting has its limitations: 

1, Since only 10-15% of the gene sequence is sampled by tins indirect method, signifi^aat variation 
can be present and will go undetected unless divergence fells within restriction sites* Similarly, if 
two restriction sites faU close together the resulting fiagment will not be visible in tiie agarose gels 
and, if the sites are very close, the corresponding reduction in size of the adjacent restriction 
ftagment may be too small to be noticed. Undoubtedly, riboprinting will miss some variation, 

2, It is known that some species defined by reproductive isolation have small subunit rDNAs that are 
identical in sequence [16]. Therefore, identical riboprints do not mdicate that the organisms 
necessa:dly belong to the same species. 

3 , Building trees based on fragment co-migration data assumes that all comigrating fragments are 
homologous- This will usually but not always be the case. Fragment co-migration can only be used 
to estimate relationships with any accuracy when the organisms are quite closely related [17]. 
Converting riboprints into restriction maps and using the number of shared restriction sites to 
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calculate genetic distances is knoAvn to provide more accurate estimates of lelatsedness. 

4. Riboprintiiig is mnch less sensitive at detecting variation than isoen2yme analysis, for example. 
Isoenzyme variation is commonly seen among organisms that have identical riboprints. Restriction 
enzyme fingerprinting of less conserved genes may be informative in such cases, 

5. If amixtuie of small subunit rDNA sequence variants coexist in the same organism xiboprinting 
may or may not reveal this fact. Where two forms of the gene exist differing at a single nucleotide 
position that coincides with a restriction site the resulting pattern will likely be interpreted as 
resulting from incomplete restriction enzyme digestion of the PGR product even if both variants 
make up a significant proportion of the gene complement. One such case has been identified, but 
only because a complete gene sequence was already available [18]. Minor variants may cot be 
noticed at all. 

6. Occasionally, related species will differ by the presence of an intron in the small subunit rDNA of 
one but not the other [19], Such a situation will be easily recognized as the small subunit rDNA 
amplification products will differ in size by several hundred basepairs. The presence of ifltrons^ 
wMle interesting, makes comparison of riboprint patteros for pbylogenetic analysis difficult at best 
unless they are present in in ail isolates being compared 

7. Mbrtures of organisms wiU produce difficulty in interpretation of restriction digest patterns. In 
some cases their existence will be obvious from the presence of two or more baxids in tiie undigested 
product gel patterns. However, this will not always be the case, Kfixtures will g^ve rise to patterns 
where the sum of the firagment sizes exceeds the size of the an?>lification product 

As long as these limitations are recogni2ed, riboprinting is a &st, reproducible v^y to obtain useful 
data from small numbers of organisms* It has the ability to detect oyptic genetic variation, to 
identify morphologically conservative organisms, to imcover misidentified organisms and culture 
mix-ups, to act as an independent check on DNA sequencing accuracy, and to provide data that can 
be used to estimate relatedness and to generate phylogenetic trees. 

Note 1: The choice of the primer pair used depends on the species involved 
Amplification of the-SSU-rDNA of many species uses the primer pair RD5 and SD3 
which amplifies almost the entire SSU-rRNA gene. Amplification of Ae SSU-rDNA of 
trichomonads uses the primer pair TRD5 and TRD3 [20J, while diplomonads and 
microsporidia would also require group specific primers due to sequence divergence in 
the primer binding regions of the genes. Identification of all species then relies on 
digestion of the amplication product with a battery of restriction emymes,(^^ 

Note 2: It is often useful to try at least two DNA concentrations for each DNA 
preparatiorh eg. a 1:10 and a 1:100 dilution Include a negative control using 5 Mi^2^ 

instead o/i)iSrA(Badc) 
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Eriulimicins: Novel Lipopeptide Antibiotics with Peptidoglycan Syntheris 
Inhibitiixg Activity fropi AcUnoplanes fiiuliensis sp. nov. 
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A strain that produces rsm lipopeptide antibiotics is a new species of fee ^us 
Actinopkncs for v^iiich w propose the name Actinoplanes fiiidiensis (type stram: HAO 
010964) The strain is an actint^lanete actin<»itycete having ceU vraU H composttion and 
fonning sporangia. Comparisons with AcHrtoplaru^ spp. vdiich have sinularities with our 
isolate, including fatly acid analysis, showed that thfi isolate belongs to a new specifts. 
Ttoconormc studies and fermentation are presentcd- 



The genus Actinoplanes is one of the most iTsq>ortant 
genera amoug actinomyceies in the pnxh;ction of 
secondary metabolites, Gardini)rcin^> and teiooplanin^ are 
two T^pofted antibiotics from the genus Actinoplanes. 
Lipopeptides have been reported ftom Actinoplanes 
n^ponensi^^ The o-glucosidase inhibitor acatbose is 
similarly a product of Actinoplanes sipf"^, . 

In our screening program for new antibiotics active 
against methicillin-resistani Staphylococcus aureus, a strain 
thai produced a group of new Upopeptide antibiotics (the 
structure ehacidation will be presented in the following 
paper) wae isolated from a soil sample collected m norfliem 
Italy in the region of Friuli, This strain coniained meso- 
dianunopimelic add in its cdl wall and xylose was found 
as diaracteristic sugar in whole cell hydrolysates. Thus it is 
a member of the family Micrcmonosporaceae according to 
the taxonoraic proposal of Stacicebrakdt et dl?\ 

The colony is typically orange and forms globose 
sporangia, and so ii belongs lo the genus Actinoplanes. 
Studies of similar Actinoplanes Species using the methods 
of the International Streptomycetes Project^ and 
dhfimotaxonomic methods lead us to conclude that our 
strain is a member of a new species we caD Actinoplanes 
JHuliensis sp, nov. The strain has been deposited at the 



German Culture Collection (DSMZ) under number DSM 
7358. 



MatmaU and Methods 

Isolation 

Strain HAG 010964 was isolated from a soil sample 
collected at the garden entrance of a house in the Friuli 
Province, Italy on June 3, 1987. using the chcmotactic 
method of Pallerdni^* and starch-cascin-sulfate $gaf 
medium recommended by VoBiS**. 

Bacterial Strains 

The strains used in this study are shown in Tbble l.CMher 
straijis than &e type strains wrae Actinoplanes utahensis 
FH 2264 and our new lipopeptide producing strain HAG 
010964. 

For the detection of the most similar strains to iJie 
lipopetide producer Ihe following strains were investgated 
by their morphological characters like colony formation 
and shape of sporan^a on ISP media: AcvinopUim 
auranticolor ATCC 15330, A. Miensis ATCC 25X44, 
A. campanulatus MET 9244, A, consettensis AltX 49799, 
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Tabte 1 . Strains of the genus A ctinoptanes used for (Jirect compara-tivo smdifis. 



Species 



Stxuin Na 



Source 



Actincplcmes hroHUcns^s 
XhiemoflA et al. 1969 
**AcJirwpkmes rapponensis" 
R/iUiiai 1977* 
ActmopUmes viahcnsis 
Couch 1963 
Actinoplanes JhuUcnSis 
sp. flov. 



FH2237 ATCC 25844^ 
FH2241 ATCC 31145^ 
FH2264 NRRL120S2 
KAG 010964 own isolate 



^ typt swm of Th© specie^ ' the Hpedcs mpponcnsia'* bas nafbcm T^ilidly pdifidifid accorttogio Rdlfi 27 of 
the Iniemadona] Code of Womcndatuzt of Bactoia (Lapage ct dl. 1992 ^ 



yi. C);wi^ ATCC 21983, A, decccaiensis ATCC 21983, 
A. derwentensis ATCC 49798,^ digitatis ATCC 15349, 
^. iiwrtoTifi/wiJ ATCC 49800, A, ferrugineus ATCC 29868, 
A, garbadiensis FH 2243, ^4. globispams ATCC 23056, 
^, humidus ATCC 49801, ^. i/mtkinogenes ATCC 27366, 
^. ito/icitf IFO 13661, A. kinshahensis IFO 13997, 
il. liguriae ATCC 31048, i4, /cjicm^ ATCC 15350, 
a/ missounensis ATCC 14538, A, nipponensis ATCC 
31145, i4, paUeroni IFO 14961, philippinensis ATCC 
12427, i4. nctilineatws ATCC 29234. .4. r^/crij ATCC 
31417, A. teickomyceticus ATCC 31121, ^4. utahensis 
DSM 43147 and NRRL 12052. This date will be preseuied 
separably. 

MorpholofiV and Physiology 

The morphological and physiological cbaraclcrisiics of 
the strains were observed by using agar culnires on the 
various media described by Shirltnc a^d Gottueb**: yeast 
extract-malt extract agar (ISP 2), oatmeal agar (ISP 3). 
inorganic salt -starch agar (ISP 4), glycerol -aspaiagine 
agar (ISP 5), peptone -yeast extract iron agar (ISP 6) and 
tyrosine agar (iSP 7), incubated for 10 days at 28**C. For 
scanning electron microscopy the strain was grown on ISP 
3 agar. The small agar piece was prepared using the method 
ofWiNKera/.^^ 

Utilization of carbohydrates was investigated on ISP 9 
medium (Shiruno and Gotfueb^') using a microtiter plate 
technique with twelve well plates. Sodium chloride 
tolerance was tested on microtiter plates (sbc-well) too 
using a Technique based on the mcihod of KirrzNpR^'^\ A 
fingerprint of enzymadc activities was obtained with the 
help of API 20E and API ZYM test strips' ' 



Antimicrobial Spectrum 

For the antimicrobial spectn^ we used the sti^ins 
described by Goodfellow in Bergey's manual^*^ The 
bacteria w^ grown on Mueller Hlnton agar and ^ fungi 
on Czapek Dox, For metabolite producrion die Aetino- 
planes strains were incubated in a medium containing 
soluble starch (lO.Og/Iiter), yeast extitict (2,0g/liter), 
glucose (lO.Og/liter), glycerol (lO.Og/liter), comsieep 
liquor (2,5gAiter), peptone (lOg/litcr)^ NaCl (l.Og/liter) 
and CaCOj (3,0 g/liter) for five days in a shaking flask 
culture at 28"*^ After cultivation the whole culture was 
extracted with methanol, evaporated and dissolved in water. 

Chemotaxonoroic Analysis 

Analysis of the whole-cell diaminopimelic acid isomers 
and the sugars was done by the method of HaSEGAwa et 
a/J^\ The phospholipids were analyzed by the method of 
KuTTSEBt. et al}^\ 

For analysis of whole-cell fatty acid composition we 
developed a rapid method based on the method of MaLER 
et fl/.^*' and our own database. Hie strain was incubated in 
ISP 2 broth for 7 days at 28**C and 1 ml was transferred to 
the center of a sterile Saitorius filter (SM 1 1 106) placed on 
an agar medium contauaing starch (10 g/liter), glucose (10 
g/liter)> glycerol (lOg/liier), comsteep liquor (2.5 g/liter), 
peptone (5 gAiter), yeast extract (2 g/liier), NaCl (1 g/liter) 
and CaCOj (3 g/liter). Incubation was carried out for 5 days 
at 28*C. Two loops of cell material were traxisferred into 10 
/il of distilled water in a microtube, 35 /il of methanolic 
TMSH were added and the sample was mi?wd, The wmple 
was dried with a nitrogen stream (Baikey Evaporator) and 
extracted into 100 /il of a mixture of 9 volumes of ^m-butyl 
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methyl ether and n-hexane (1:1, v/v) and one volume of 
methanol The extract was nscd directly for ttie GC 
analysiSi which was done with an HP 6890 GC (Hewlett- 
Packard). 

Fcrmentatjon 

The friuUnucins were produced by feroientaiion in a 
50-Utfir Braun Fermentation stainless steel stirred vessel. 
Frozen vegetative mycelium of ActinoplanesfiiuUensis was 
used at Wo to inoculate 100 ml of seed medium in a 300 ml 
Erlenmeyer flask. The seed medium consisted of sucrose 30 
gAitCT, KNO3 2g/litcr, 1 g/liter, MgSO^-THjO 0.5 

g/liter, KQ 0-5 g/liter. FeS04*7H20 0.0lg/Hier» yeast 
cxnact 2g/litCT and pepione SgAiter. The seed flasks were 
incubated for 120 hours at SO'C on a rotary shaker at 180 
rpm. The fenncnier was charged with 40 liters of a medium 
consisting of sucrose 1 1 g/liter, meat extract 6 g/Uicr, yeast 
extract 03gAiter; MgSO4-7Hi0 0.6gAiter, KjHPO^ 0-1 
g/liier, FeQa-eHjO lO/imol and L-valine 0.6 g/liter. The 
medium-resin mixture was sterilized in the fennenter at 
121*0 for 1 hour. The fermenter was inoculated at 1% with 
the seed flflgV growth. During fermentation the temperature 
was controlled at 28°C. The stirring rate was 100 rpm and 
ihe air flow rate was 1 v/v/minute. Antifoam (Desmophen) 
was initially at 0.01%. The fermentation was terminated at 

120 hours. 

FermentatioD Analysis 

The fermentation was monitored on-»lmc for changes in 
pH. The fermenter was sampled daily to evaluate growth 
and product formation, the formation of the compound 
was monitored with an HPLC system. The column used 
was a Nucleosil 120 RP 18 (120X4.6 mm with a 20x4.6 
mm precolunm). A gradient with a potassium phosphate 
buffer 7.0, lOmM) and aceionitrile was used. The flow 
rate was between 1.5 and 2inl/minuTe. With* This system 
crude mixtures of the compounds could be detected in the 
culture filtrate. The retention time was between 10 and 20 
minutes. 

Results 

Characteristics of Strain HAG 0 1 0964 

Vegetative mycelium developed well on the TSP media 
tesied (T^ble 2). Aerial mycelium was not formed and a red 
soluble pigmeni was produced on medium ISP 7. After 10 
days on ISP 3, sporangia were fonned which show an 
irregular shape with a smooth surface in the scanning 
eleccron micrograph- The surface of the spores was smooth. 



ANTIBIOTICS W» 

Th^ vegetative mycelium was orange on all the ISP 
media used. All carbohydrates which were tested could 
be utilized by the strain HAG 010964 flhble 3). The 
enzymatic activities are shown in T^le 4. Apart from 
lipase (C14) and a-fucosidase, all reactions with API ZYM 
were po$itive, and with API 20E no acttviiies were dciecied 
for HjS production, tryptophan deaminase and indole 
production. Antibacterial activity (Table 5) ww detectable 
only with the starch medium, ^icsh is also described as a 
producrion medium. 

Con^rison of strain HAG OlOW with Aetinopkmes 
brusQiensis FH 2237 (ATCC 25844), ".4. fdpponensis'' FH 
2241 (ATCC 31145) and A, uiahensis FH 2264 (NRRL 
12052), After the characterization of all the Aainop!anes 
species which are listed under the point materials and 
methods the scrains Acdnoplanes brasiliensis FH 2237, "/i, 
nipponensis'' FH 2241 and A. utahavns FH 2264 show 
most similarities to the strain HAG 010964 basing on dam 
of colony morphology, pigmentation and shape of 
sporangia, so we used this strains for the conq>aring studies- 
Berweai A, uiahefisis the strain FH 2264 shows more 
similarity to HAG 010964 than fee type strain DSM 43147 
and fterefore we used FH 2264. The strain A, brasiliensis 
FH 2237 showed yellow-orange substrate naycdium, vMe 
the raycelinm of the other strains was orange. Also A, 
bmsiliensis FH 2237 is the only strain which produceed 
sparse white mycelium on medium ISP 3. AH four strains 
produced red soluble pigment on ISP 7 but only "A 
nipponensis'' FH 2241 also produced brown one on ISP 6. 
HAG 010964 and A. utahensis FH 2264 utilized all 
caibohydmtes. A. brtxsilienffis FH 2237 showed inferior 
utilization of jcylose, inositol and raffinose, and ""A. 
nipponensis'' FH 2241 did not utilize xylose, maimitol, 
fructose and raffinose. 

With regaid to enzymatic activities, API ZYM and API 
20E reacted much more positively with HAG 010964 Aan 
with the three other strains. In the API 20E pattern A, 
bTxisUiensis FH 2237, "A. nipponensis^ FH 2242 and A, 
uiahensis FH 2264 looked very similar and only ficetoin 
production and gelatinase activity could be found in all four 
strains. A. brasiUensis FH 2237 and A, utahensis FH 2264 
showed no antiT)acterial activity on any of the tested media. 
Antibacterial activity against Bacillus subrilis was found on 
all four media for the strain "^4. nipponensis'^ FH 2242, 
Strain HAG 010964 showed activity against Staphylococcus 
aureus^ Micrococcus luteus and Bacillus subtilis only on 
starch-containing production medium. In the sporangia! 
morphology observed with the scanning elftctron 
microscope, strain KAG 010964 showed the most inegular 
shapes. The sporangia of A, brasiliensis FH 2237 are much 
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Table 2, Colonial characteristics of Actinoplanes brasiliensis FH 2237, "A nipponensis*^ FH 224U 
A, utahensis FH 2264 ondA.JriuUensis sp. nov. HAG 010964. 



Culture 






Strains 




mediufli 


FH 2237 


FH2241 


FH2264 


HAG 010964 




SMyellow- 


SM orange 


SM orange 


SM orange 












rSP2 


AM none 


AM none 


AM none 


AM none 




$P none 


SP none 


SP none 


SP none 




SM yellow 


SM orange 


SM orange 


SM orange 




orange 








ISP 3 


AM%>v^te 


AM none 


AM none 


AM none 




SPnone 


SP none 


SPaone 


SPnone 




SM yellow- 


SM orange 


SMoiange 


SMoiange 




orange 








ISP 4 


AM none 


AM none 


AM none 


AM none 




SP none 


SP none 


SP none 


SP none 




SMyellow- 


SM orange 


SM orange 


SM orange 




oiangc 








ISPS 


AM none 


AM none 


AM niaie 


AM none 




SP none 


SPnone 


SPnone 


SPnone 




SM yellofw- 


SM orange 


SM orange 


SM orange 




orange 








1SP6 


AM none 


AM none 


AMaone 


AM none 




SP none 


SP brown 


SPnone 


SP none 




SM yellow- 


SM orange 


SM orange 


SM orange 




orange 








ISP 7 


AM none 


AM none 


.AM none 


AM none 




SP ted 


SPred 


SPied 


SPred 



Formation and color of: SM, substrate mycelium; AM» aeria] mycelium; SP^ soluble 
exoptgment 



Table 3. UtiKzanon of carbohydrattss by Actinoplanes brasiliensis FH 2237, nipponensis'* FH 2241, 
A, utahensis FH 2264 and A.fiuUensis sp, nov, HAG 010964, 



Carbo- 
hydrate 


FH2237 


Straina 
FH 2241 


FH2264 


HAG 010964 


Glucose 




+ 






Arabinose 


t 


+ 


t 


+ 


Sucrose 










Xylose 


(+) 




+ 




Inositol 




(+) 






Mannitol 


+ 








Fructose 






+ 


4 


Rhamnose 


+ 


+ 




+ 


Raffmo&e 











growth no better than the negative control (basal medium with water); 
C"^). growth bett^ than the negative control but not as good as the positive control; 
-f, growth as good as the posinve control (basal medium with glucose), 
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FH 2264 mdA,JriuUensis sp. nov. HAG 0109W. 



Physiolo^cal 
para meter 

APIZYM ""^ 

Esterase (C 4) 
Esterase (C 8) 
Lipase (C 14) 
Leudne aiylwni<i^ 
Valioe axylaKudase 
Cystine arylamidasc 
Trypsin 
Chymotrypsiii . 

T^ephthol-AS-BI- 

phospbohydrolase 

dnGalactosidase 



Strains 
FH2237 FH_^41 



JH2264 HAG 010964 



p-Gtucuronidafie 

K-Aoetyl-P- 
glucoseamidase 
a-Mannosidefie 
QCrFucosldase 

APi:^OE 

P^Galactosidase 
At^oe djbydrola&e 
LysiDC decaibcjTcylase 
Omithine decarttoxyUse 
Citi«e utilization 
"HaS productjon 
Urease 

Tryptophan deaminase 
Indole producdon 
Acetoin production 
Gelatlnase 



+ 



+ 
+ 

+ 

+ 

+ 

+ 

+ 



+ 
+ 



+ 
+ 
+ 



+ 
+ 



+ 

+ 
+ 



+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 

+ 
+ 



+ 
+ 



+ 

4- 



-I- 
+ 



+ 

+ 
+ 
+ 



+ 
+ 



r^r. compact and regular and sinular to ^ spomg^a 
of A utahensis FH 2264 as sbown in Fig- 1- For 
^'A mpponer^U" FH 2242, production of sporangia was 
uodetcctaUe. In all &ur ActinopUmes strains mcso- 
di^opimelic acid v^as found in >^ole cell ocmicts as 
,.11 as xylose as characteristic sugar. P^^^^^^^^^^ 
type of all strains w^is PII contaimnB phosphatidyl 
^anolaniine. Main fatty acids of all four sn^ins .^15:0 

bo. 15:0 Aflteiso. I6:01so. 17:0 Anteiso. 17:1 Cis 9, 17. 

0, 18:lCis9andl8:0. 



Fermentatjon 

Beside a suitable C-souice and phosphate tht .vild type 
stnun needs a N-source like meat «tiact or soya peptone 
and magnesium ions s.j«ns to be necessary fm a good 
production of the lipopeptides. In conlx^t to magnesiimi 
calcium salts at 10«M decreased the lipopeptide 
production to 15%. The strain does not exhibit a strong 
phosphate or animonia inhibition. Amino acids Ukfi L- 
valine. L-leucine and L-isoleucine or the correspondmg 
keto-acids or acids, which sre pi^utsor substances of the 
fatty »oid biosynthesis, l«d to an increased pioducuon of 
flie desired components of Ae lipopeptide complex (see 



THE JOURNAL OF AlfmiOTICS 



Table 5- Antimicrobial activities from Aciinoplanes bmsiliensis FH 2237» *'A. nipponensif* FR 2241, 
A. utahensis FH 2264 mdAftiuHensis sp. nov. HAG 010964. 



Actinophnu brasiliensis FH 2237 



Aetmopknes nipponensis FH Z241 



Culture broth 



Soy meal ISP 2 Starch 



ISP 3 



Soymeal. ISP2 Starch 



ISPS 



Stapf^lococcus aureus 


0 


0 


0 


0 


0 


II 


0 


0 


Escherichia call 


0 


0 


0 


0 


0 


0 


0 


0 


Micrococcus h/teus 


0 


0 


0 


0 




0 


0 


0 


Pseudc/nonas aeruginosa 


0 


0 


0 


0 


0 


0 


0 


0 


Streptomyces mvrinus 


0 


0 


0 


0 


0 


0 


0 


0 


Bacillus subiilis 


0 


0 


0 


0 


21 


21 


15 


IS 


Candid albicans 


0 


0 


0 


0 


0 


0 


0 


0 


Saccharamyces cerevistae 


0 


0 


0 


0 


0 


0 


0 


0 


Asper^Uus niger 


0 


0 


0 


0 


0 


0 


0 


0 




Aciinoplanes uiahensis FH 2264 




Actinoplanes JHuliensis HAG 010964 


Culrure brotji 




































Soy meal 


ISP 2 


. Starch ISP 3 


Soy meal 


ISP 2 


Starch 


ISP3 


$mph}^loccccus aureus 


0 


0 


0 


0 


0 


0 


16 


0 


Bscherichia coli 


0 


0 


0 


0 


0 


0 


0 


0 


Micrococcus luteus 


■0 


= 0 


0 


0 


0 


0 


15 


0 


Pscudomoms aeruginosa 


0 


0 


0 


0 


0 


0 


0 


0 


Smptotnyces murinus 


0 


0 


0 


0 


0 


0 


0 


0 


Bacillus subtilis 


0 


0 


0 


0 


0 


0 


16 


0 


Candida albicans 


0 


0 


0 


0 


0 


0 


0 


8 


Saccharomyces cerevisiae 


0 


0 


0 


0 


0 


0 


0 


0 ■ 


Aspergillus niger 


0 


0 


0 


0 


0 


0 


0 


0 



T^sle 7). Using . L-valine as a precursor the compounds B 
and D are exclusively produced. Using L-lcucine ihc 
compounds A and C and by using L-isoleucine the 
compounds E, F, G and H are produced. With this results it 
is possible lo produce the compounds B and D in a yield of 
1.5g/liter in the medium which has been described above» 
The time course of the production of this two compounds 
of the ftiulimicin/amphomycin complex is shown in Fig 2. 



Discussion 

On the base of chemotaxonomic and morphological 
properties, strain HAG 010964 can be classified as a 
member of the genus Aeroplanes, Strains of the genus 
Actinoplanes present cell wall chemotype II according to 
the classification of Lechevallier and Lbchevallibr^'\ 
with mesO' and/or 3-hydroxydiaminopimelic acid and 
glycine, in combination with xylose and arabinose as 
characteristic sugar in the hydrolysate of whole organisms, 



and glycolyl type according to Uchida and Aida*^^; 
phospholipid type PO according to the classification of 
LechevaluEr'^^; fatty acid type 2 c with characteristic 
iso- and anieisa-br^nch^ fatty acids according to 
Kro?penstedt^°\ MycoUc acid is absent. In strain HAG 
010964 we found Tnefo-diaminopimelic acid and xylose. 
The phospholipid type of the strain is PH and the iso-^ and 
(m/e£j^>-branched fatty acids are characteristic, A significant 
cultural marker is the orange substrate mycelium and the 
absence of aerial myceliijm, combined with the production 
of sporangia on the surface of the colony. Each sporangium 
contains numerous globose lo subglobose spores, which 
become £agcllated in aqueous habitats. In addition the 
sporangial development which could be studied in SEM 
showed the branching and septa formation before spore 
formation indicating affiliation to the genus Actinoplanes 
(VoBis*^. The irregular arrangement of the spore chains 
excludes the former Ampullariella species, which have 
strict parallel rows of spore chains and distinct rod- 
shaped sporangiospores. Thus only **-4. mppone7isis'\ A. 
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Fig, 1 , Scanning electron micrograph of sporangia formation of the different Actinoplanes species. 

A) strain HAG 010964 grofv^ on ISP 3 agar for 10 days at 28°C (magnification x 10,000), 

B) strain HAG 010964 grown on ISP 3 agar for 14 days at 28**C (magnification X5,000), 

C) smiJti A, bntsiUmis FH 2237 grown on ISP 3 agar for 14 days at IBTC (magnification X5,000). 

D) strain A, utahensis FH 2264 grown on ISP 3 agar for 14 days at 28**C (magnification x 1,500), 




brasiliensis and A. utakensis showed very similar colony 
morphology and pigmentation. In carbohydrate utilixaiion 
and enzymatic activities strain HAG 010964 shows a lot of 
differences to A. brasiliensis FH 2237, "A. nipponensis*' FH 
2241 andi4, ww^eTuis FH 2264. 

In this group of species closely related to HAG 010964 
the species A, uiahensis and A, brasiliensis form sporangia 
with ^ regular globose shape which i$ difTerent from that of 
HAG 010964, In difference to A. brasiliensis, A, 
nipponensis and A, uiahensis the strain HAG 010964 
contam 15 : 1 hoQ and l6 : 1 IsoG as typical fatty acids but 
has no 16:0 acid. All these studies and results as well as 
the selective fermentation of new lipopexide compounds 



which have not been described from Actinoplanes lead us 
to conclude, that HAG 010964 is a new species, which we 
named Actinoplanes fiiuliensis sp jiov. 

Description of Actinoplanes friuHensis sp. nov,: Prodwes 
orange lo yellow orange substrate mycelimn on ttie 
different ISP media. Aerial mycelium is not formed. A red 
soluble pigment is only produced on medium ISP 7. 
Mclanoid pigment is not produced. Glucose, arabinose, 
sucrose, xylose, inositol, mannitol, fructose, rhamnose and 
raffinose could be utilized Spoi^gia are formed on the 
different ISP media. The shape of sporangia is irregular to 
globose. Cells contain mejo-diaminopimelic acid and 
xylose. Characteristic phospholipid is phosphatidyl 



&14 
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Table 6, Fatty acid paiiem of Actinoplanes hrasillensis FH 2237, nipponensif" FH 2241, A. utahensis FH 
2264 ondAJHuHensis sp. nov, HAG 010964. 



Fatty Straw 

Add FH2237 FH224I fH2264 HAG0I0964 



14:0160 


3.0 


4.0 




2,7 


IS : 1 ISO 0 








5^ 


15:OI30 


13.0 


9J 


3.6 


15.4 


15:0Anteiso 


1«.S 


15.5 


1.0 


12.0 


16: lIsoG 








3.5 


I6:01so 


17,3 


21.4 


8.0 


14.0 


16: 1 Cis9 


3.0 


2.2 


27.0 


4.5' 


16:0 


5.0 


7.2 


22.0 




17 : 0 Iso 


3.4 


1.2 


6.0 


1.8 


17 : 0 Antelso 


8.9 


8.0 


3.0 


5,0 


17 ; 1 Cis 9 


4.9 


3.0 


6.0 


10.0 


17:0 


9.4 


6.0 


3.0 


4.5 


l8:lCis9 


5.0 


9.0 


8.0 


^2 


1S:0 


6.0 


10.0 


3,0 


3.5 



Table 7, Lipopeptides from Actinoplanes 
friuUensis sp. nov. HAG 0L0964. 



Compound A 


Amphomypin Type 


Compound B 


Amphomycin TVpc 


Compound C 


Fnulimycin A 


Compound D 


Fnulimycin B 


Compound E 


Amphomycin Type 


Compound F 


Friulimyctn C 


Compound G 


AmplK^myqin Type 


Compound H 


Fnulimycin D 



etbanolamine. Fatty acids are 15: 1 IsoG, 15:0 Iso, 15:0 
Anteiso. 16:0Iso, 17:0Iso. 17iOAnteiso, 17:1 Cis 9, 17: 
0, IS ; 1 Cis 9 and IB : 0. Type strain is HAG 010964 (DSM 
7358), a antibacterial lipopeptides producing strain. 
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Working from an isolated bacterial colony, the system performs all the 
process steps required to characterize bacteria to the strain level 
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PATHOGENIC AND SPOILAGE MICROORGANISMS IN FOOD 
processing environments can cause costly and time- 
consuming delays in production and processing. Cer- 
tain contaminants, such as Salmonella^ Listeria monocytoge- 
nes, Escherichia co/i, or Staphylococcus aureus, can result in 
complete shutdown of food production until the 
source of contamination is identified and elim- 
inated. A premature shutdown based on incom- 
plete or presiunptive information may result in 
lost production; conversely, a delay in pathogen 
identification may result in an even more costly 
product recall. Management should not be 
placed in a position of making a high-risk, high- 
stakes guess. Meaningful, reliable, detailed in- 
formation is required. Time and accuracy are of 
the essence. 

Standard microbiological techniques, howev- 
er, can take several days to arrive at a species 
identification. Traditional methods for bacterial 
isolation and identification at the species level 
are based on secondary characteristics of the 
bacteria and can be tedious and time-consum- 
ing. These traditional methods may require 
multiple growth conditions and several days of 
biochemical testing to arrive at a species iden- 
tification. Once a conventional analysis has 
been completed, the results do not necessarily 
provide the resolution required to identify the 
source of contamination or infection, Since dif- 
ferent strains of the same species exhibit very 
similar biochemical characteristics, but can of- 
ten e^bit different degrees of virulence, it is 
often necessary to continue with a more detailed analysis, 
such as serological tests for more precise characterization. 
Such testing can lengthen the investigation process by sev- 
eral days to several weeks an unacceptably long time when 
the business stakes are so high. 

During the early 1980s, a variety of molecular techniques 
were developed at research laboratories for.DNA analysis 
and gene exploration. In the mid-1980s some of these tech- 
nologies were apphed to bacterial analysis. One technique, 
called ribotyping, evolved for characterization of organisms 
using restriction fragments of nucleic acids firom bacterial 
genomes (Webster, 1983, 1988; Grimont and Grimont, 



The author is Technical Marketing Microbiologist FQMS, L.L.C., an 
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1986; Jacquet et al., 1992). By hybridizing a ribosomal 
probe to size-separated DNA restriction fragments, this 
method can permit accurate and reliable characterization 
and identification of bacteria. 
Although this technology has been used widely in re- 
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search laboratories^ it depends on highly skilled practitio- 
ners to achieve meaningful and rehable results. In addi- 
tion, many investigators have appUed this technique to 
meet their very specific needs, reducing the abflity to com- 
pare results between laboratories. To address these and 
other important issues in microbiological characterization, 
the Food Quahty Management Systems team at the Du- 
Pont Company developed a fully automated ribotyping 
system,, the RiboPrinter Microbial Characterization Sys- 
tem (Fig. 1). 

Automated Ribotyping 

The system combines many molecular processing steps 
in a stand-alone, automated ribotyping instrument de- 
signed specifically to satisfy the needs of the food industry. 
Working from an isolated bacterial colony, the system per- 
forms all the process steps required to characterize the bac* 
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Automated System (Continued) 



teria to the strain level, 
from cell lysis to image 
analysis. When DNA 
fragments from differ- 
ent bacterial strains, cut 
EcdRl restriction 
enzyme, are size-sepa- 
rated and hybridized 
with a labeled rRNA op- 
eron probe, each strain 
produces a unique frag- 
ment pattern. From this 
fragment pattern data, 
the system uses a series 
of proprietary algo- 
rithms to generate a Ri- 
boPrint pattern, then 
characterizes, archives, 
and compares these pat- 
terns to a supplied data- 
base. This comparison 
can result in the identi- 
fication of the organ- 
isms of interest at a ge- 
nus, species, and strain 
level. The automated 
system also compares 
the pattern for each new 
sample against all the 
other patterns run on 
the system to determine 
similarity. This process 
allows the system to 
characterize samples as 
alike or different even 
when the tested strain 
is not part of the identi- 
fication database. This 
characterization func- 
tion is especially useful 
when investigating new 
or unusual bacteria. 

Because of the impor- 
tance of accuracy and 
time in characterizing, 
identifying and eventu- 
ally eliminating unde- 
sirable organisms for 
the food industry, this 
automated system has 
been designed to reduce 
the time involved in each step, while eliminating the uncer- 
tainties of classical strain characterization/identification. 
The result is a process that requires 8 hr to produce reli- 
able and accurate results from isolated colonies. 

How the System Works 

Fig. 2 illustrates the process used to prepare and analyze 
microbiological samples. The following discussion summa- 
rizes the steps involved in obtaining a pattern for a micro- 
organism under investigation. 

Engineering advances in Uie equipment and specially 
manufactiu-ed reagents and carriers make it possible to 
achieve extreme precision in volume and concentration of 
sample and reagents; yielding a high confidence, reproduc- 
ible process. 

• Growth and Collection of Cultures. Isolated bacterial 
strains are inoculated and grown oyeniight on brain heart 
infusion (BHI) agar plates. Bacterial samples are obtained 

78 FOOD TeCHNOLOGY-^ANUARV 1996 




usmg a smiple colony pick and then resuspended in buffer 
ui a micro-centrifuge tube. The diluted sample is trans- 
ferred into a special sample carrier. 

• Heat Treatment and DNA Preparation. The cell sus- 
pensions are heated to reduce viability and inactivate nu- 
cleases. Once the temperature is reduced, two lytic en- 
zymes are added and the sample carrier is loaded into the 
instrument with the required consumables. Once the pper- 
ator enters strain-tracking and optional related informa- 
tion mto. a conveniently designed batch program, the in-, 
strument will automatically process the strains. Bacterial 
cells are lysed with a series of lytic enzymes and the re- 
leased DNA is cut or digested with a restriction endonu- 
clease, EcoRI. 

• Separation and Transfer. The DNA restriction frag- 
mente are size-separated by electrophoresis on an agarose 
gel. Each gel cassette contains 13 wells. The DNA samples 
under mvestigation are placed in eight of the wells; refer- 




F/y. 5— Typical Batch Image 




F/gf.4— Typical Pattern 



ence DNA of known molecular weights occupies the re- 
maining five wells. As the DNA is electrophoretically sep- 
arated and resolved in the gel, a nylon membrane moves 
vertically against the gel, allowing fragments to be cap- 
tured and immobilized on the membrane. 

• Membrane Processing. After denaturation of the DNA 
on the membrane, it is hybridized with a labeled rRNA 
operon probe. The membraine is washed then treated with 
blocking buffer and an antisulfonated DNA antibody/alka- 
line phosphatase conjugate. Un- 
bound conjugate is removed through 
a series of washes and a chemilumi- 
nescent substrate applied. 

• Image Detection and Analysis. 
The membrane is heated (Kobos et 
al., 1995) and positioned in front of a 
customized CCD camera, which de- 
tects the light intensity of the target- 
ed DNA fragments. The camera con- 
verts the patterns from luminescing 
DNA fragments to digital informa- 
tion. This image data (Fig. 3) is 
stored in the system computer's 
hard drive memory. 

Software extracts information 
from the image. The software recog- 
nizes data lanes on the image and 
distinguishes between reference 
marker and sample lanes. The posi- 
tion and intensity of well-character- 
ized marker fragments, run simulta- 
neously with the unknown sample, 
allows the system algorithms to nor- 
malize the resulting biitput data. 

After the automated system pro- 



Listeria 



Mieria 
•\ itmocua- 



Conserved Characters Distinguish Spe* 
cles of Listeria, The conserved characters that 
distinguish L monocytogenes from L. Innocua.are 
Indicated above. Variations in the fragments In 
the sixth position at the right show the strongest 
differentiation 



cesses a batch of samples, it generates a pattern for each 
sample and marker lane using proprietary algorithms. The 
pattern for each lane consists of a series of light and dark 
bands which can also be represented as waveforms {Fig. 4). 

The system statistically compares the output pattern to 
patterns obtained previously. This is a two-part operation. 
For identification, statistical analysis allows the conclusion 
that the unknown sample can or cannot be matched with 
known standards stored in the identification database and 
a classical taxonomic name applied. Those samples vnth 
matches above a fixed similarity threshold are identified; 
those below the threshold are not. For classification, the 
sample patterns are grouped with all existing pattern types 
run in the system to form RiboGroups. A separate similar- 
ity threshold is used to determine grouping. If a sample 
cannot join an existing RiboGroup because it falls below 
the threshold, the system creates a new RiboGroup for that 
sample. 

Identification and Characterization 

The system software contains a database of more than 
500 strains/pattern types of four genera of the greatest im- 
portance to the food industry; Listeria^ Staphylococcus, Es- 
cherichia, and Salmonella. The S3^tem matches samples 
against this database to assign identifications at a genus, 
species, and strain level. For purposes of characterization, 
the automated system compares a current sample in each 
run with every sample that was ever run on the system. 
Characterization is independent of identification. All sam- 
ples run on the system are characterized automatically. 

Results of the statistical comparison tell the user imme- 
diately if an indistinguishable organism has been pro- 
cessed by the system previously. This information may 
suggest a route of contamination or provide insight into the 
efficacy of a sanitation process. The system then produces 
a report that characterizes and identifies each sample in 
the batch. 

In addition, investigators can create individual databases 
of organisms of interest to a particular site. This feature 
permits the matching of bacteria firom different sources and 
association of the patterns with a user-defined taxonomic 
identification. This is called a Custom Identification data- 
base. 

• Distinguishing Species. The re- 
sults of more than 10,000 strains 
processed at DuPont labs have dem- 
onstrated that certain characters, ri- 
bosomal RNA firagments, are highly 
conserved at the genus and species 
level (Bruce et al., 1995; Hubner et 
al, 1995). For example, Fig. 5 com- 
pares size separation of these firag- 
ments vsithin three strains of Listeria 
monocytogenes with four of L. innocua. 
While the two species share a cer- 
tain amount of rRNA firagment in- 
formation, clearly each species con- 
tains conserved hands (fragments) 
that are present at defined positions 
in one species while absent in other 
species, as Olustrated in Fig. 5; The 
identification of each species for this 
comparison was verified by classical 
testing with cytochrome oxidase, cat- 
alase, and CAMP. 

The degree of conservation shown 
in Fig. 5 suggests that sets of rRNA 
fi-agments, conserved as a group, are 
sufficient to identify the genus and 
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Automated System (Continued) 



species of most bacteria. The remaining non-conserved 
polymorphic fragments constitute characters which differ- 
entiate strains within a particular 



species. 

• Distinguishing Strains. Fig. 6 
shows an example of seven Ribc- 
Groups. A RiboGroup is a set of 
closely related patterns that are 
mathematically indistinguishable 
from one anoiiier by the system. 
The RiboGroup patterns in Fig. 6 
represent composite patterns for 
all members of the groups. For ex- 
ample, in Fig. 7, RiboGroup 780- 
S-5 is based on an average value 
for 10 constituent patterns. In 
Fig. 6» six of the eight EcoRI frag- 
ments (A, B, C, D, F and H) ap- 
pear to be evolutionarily con- 
served across these strains of L. 
monocytogenes. The polymorphic 
fragments appear at several dis- 
crete positions, indicating strain 
variations within the species. 

In our studies, we have found 
greater diversity in Listeria than 

is possible to observe by classical serology (Bruce, et al., 
1995, Webster et al., 1994). Such high characterization res- 
olution can simplify the job of identifying infectious sources 
in food production or other environments where contami- 
nation can be problematic. 

Applications 

The system has useful applications in a variety of set- 
tings. TTiese "include epidemiologi- 
cal uses as well as in food process- 
ing operations. 

• Epidemiology. In 1994, four 
separate outbreaks of listeriosis 
involving cattle, sheep, and goats 
were examined to determine the 
relationship of the involved ani- 
mals to their feed sources (Wied- 
mann et al., 1995). Strains of List- 
eria monocytogenes that were isolat- 
ed fi^m the animals diagnosed 
with encephalitic disease and from 
their feed were processed using 
the automated system. 

Fig. 6 illustrates a subset of the 
RiboGroup patterns obtained for 
all isolates in the study. Within 
each outbreak, two to six popula- 
tions of strains were found and 
each strain was identified as L. 
monocytogenes. In three out of four 
outbreaks, the same strain ap- 
peared in silage and isolates taken 
from infected animals, strongly 
implicating the silage feed as the 
source of infection. Within one out- 
break, the system did not liiak the 
strains from the food source and 
the clinical sample, suggesting the 
cause of infection may have been 

from an alternative source. Classical methods were unable 
to differentiate between these monocytogenes strains, 
makmg absolute association between food source and clin- 
ical isolate impossible. 
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Non-Conserved Characters Differentiate 
Strains of L monocytogenes. The various poiymor- 
phlc fragments represent diversity within a species and 
can be used to differentiate strains. The conserved frag- 
mer)ts (A-H) define the species, the cour\t number indi- 
cates the number of individual strain patterns that com- 
prise each RiboGroup (see Fig. 7) 



RiboGroup 



: 780-5 
780-6 
780^7 
: 780^ 

.781^ 

'..781^;' 

891-1- ; 
. 891^2 ' 



F/g,7^Constltuent Samples In a Typical 
RiboGroup. The ten sampie patterns are mathematf- 
ca^ly averaged to describe the RiboGroup pattern. 
The RiboGroup pattern is named for the lowest-num- 
bered strain pattern 



• Food Processing. A food processing plant that produces 
packaged, ready-to-eat foods discovered Staphylococcus con- 
tamination in two products as a 
result of routine microbial test- 
ing. Since Staphylococcus is often 
present in many parts of a given 
plant, the Quality Assurance/ 
Control team was chaDenged to 
pinpoint the source of contamina- 
tion in the finished products. 
Conventional microbial testing 
techniques did not yield conclu- 
sive results: the suspect organ- 
ism, Staphylococcus epidermidis, 
showed up in many sources, and 
the plant staff was unable to de- 
termine the relationship between 
these sources and the isolates 
fi'om the products. 

The QA/QC team used the au- 
tomatic ribotyping system to ex- 
tract below-species level informa- 
tion for the various Staphylococcus 
isolates (Pig. 8). The patterns 
that were generated enabled 
them to determine that: (1) the & 
epidermidis isolated from the contaminated food product 
was different from that found in the raw material but in- 
distinguishable from one other pattern; and (2) only a sin- 
gle source in the plant yielded a pattern that matched 
those from the contaminated products. That source was the 
hands of one of the plant employees. 

As a result, corrective measures proved simple and inex- 
pensive. The team revised the rules governing hand-wash- 
ing and glove usage, and took 
steps to minimize the transfer of 
bacteria between raw material 
handhng and post-processing sec- 
tions of the plant. Using the auto- 
mated system to quickly and effec- 
tively pinpoint the contamination 
source, the plant was able to avoid 
the expense of a costly full-scale 
shutdown and decontamination ef- 
fort. A company in Europe bought 
fermented and cooked meat prod- 
ucts in bulk, then prepared pizza 
toppings and sauces for supply to 
the food service and retail sector. 
Suddenly, Health iDepartment in- 
spectors reported that they had 
isolated Listeria monocytogenes from 
the pizza toppings. The company's 
laboratory was. not able to detect 
the organism immediately after 
production, but did concede that 
growth could occur during the ex- 
tended chilled distribution and 
stprage .of the product. A detailed 
microbiological analysis of the fac- 
tory showed that raw meats con- 
tained the organism of conciern. 
Before removing auppliers from 
their list, the company decided to 
ftirther analyze their findings us- 
ing the automated system technology. Over a period of 
three days, the system processed the isolates and . deter- • 
inined that, although some raw. materials were indeed con- 
taminated with Listeria monocytogenes, the patterns were, 
different from those found by the Health Department. The 
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F/g.S— Oetermining the Source of S. epidermidls Contamination. 

Sampies from raw materials and the contaminated finished product 
were processed in the system. The patterns did not match. Patterns 
from samples taken In the environment did watch. The source of 
contamination was an employee 



investigators shifted emphasis to analysis of larger sam- 
ples of finished product aiid found very low numbers of List- 
eria monocytogenes but this time, the patterns matched 
those found by the health inspectors (Fig. 9). 

Further investigation showed that the only area of the 
factory contaminated with this matching type of Listeria 
monocytogenes was the cleaning/hygiene room, where all the 
chemicals and detergents were stored. Cleaning was con- 
tracted out to a separate company who worked at night, so 
the team decided to monitor the cleaning practices during 
the following week. They found that the poorly trained hy- 
giene crew cleaned and sanitized the raw meat storage 
area, then moved to the pizza preparation area without im- 
plementing any decontamination steps. This lack of hy- 
giene precautions resulted in them carrying the Listeria 
monocytogenes contamination into the sensitive area of the 
factory. The manufacturer changed cleaning contractors 
and solved the problem. 
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/=75.9— Determining the Source of L monocytogenes Contami- 
nation In Pizza Topping. Samples from raw materials and the 
health department isolates showed L monocytogenes. But the 
patterns did not match. Further sampling of the environment 
revealed samples from the cieanlng/hyglene rooms that did 
match fhose Isolated by the health department 



Valuable Tool 

The automation of bacterial characterization has begun 
to yield substantial value in many areas of microbiological 
investigation. This article has concentrated on two primary 
benefits of the equipment. The first is speed in obtaining 
accurate, reliable results. Characterization and identifica- 
tion of a bacterium to the strain level is achieved in about 
8 hr. The second important benefit is the high information 
content of the result thus obtained and arcMved. The mo- 
lecular basis of the analysis has enabled research scientists 
to reproducibly characterize more than 1000 strains of a 
single organism. Listeria monocytogenes. The information 
produced is not subject to the variability inherent in much 
conventional testing, and affords a reUable degree of char- 
acterization or identification. 

These benefits make the automated system an indis- 
pensable tool in a variety of applications. In food process- 
ing, it is now possible, in the space of a few hours, to pre- 
cisely pinpoint the source of a microbial contamination, be 
it a pathogen or a spoilage organism. This focuses investi- 
gation and remediation, avoiding time-consuming investi- 
gations and costly plant shutdowns. In dairy farming and 
other industries involving the management of animals, 
diseases potentially affecting large herds can be traced 
quickly to their source, simplifying the job of eliminating 
infections. 

Another application, not touched on in detail here, is the 
monitoring of beneficial microorganisms. For example, in 
various kinds of dairy production, known and often propri- 
etary cultures of organisms are added to yield a distinctive 
end product, such as cheese or yogurt. It is of obvious inter- 
est to want to monitor starter cultures to assure the pro- 
duction of consistent, high-quality product. 

Finally, most of the applications described here have re- 
lied on a database of organisms provided with the automat- 
ed system to assign a classical taxonomic identification. 
However, as previously mentioned, it is possible with this 
system to build custom databases fi-om culture collections, 
using microorganisms of special interest to the user. The 
automation of the process and the features desaibed above 
have allowed ribotyping to expand into every area of micro- 
biology. 
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ABSTRACT To classify Listeria monocytogenes using tax- 
onomic characters derived from the rRNA operons and their 
flanking sequences, we studied a sample of 1346 strains within 
the taxon. DNA from each strain was digested with a restric- 
tion endonuclease, EcoRL The fragments were separated by 
gel electrophoresis, immobilized on a membrane, and hybrid- 
ized with a labeled rRNA operon from Escherichia coU, The 
pattern of bands, positions, and intensities of hybridized 
fragments were electronically captured. Software was used to 
normalize the band positions relative to standards, scale the 
signal intensity, and reduce the background so that each 
strain was reprodudbly represented in a data base as a 
pattern. With these methods, £. monocytogenes was resolved 
into 50 pattern types differing in the length of at least one 
polymorphic fragment Pnttem types representing multiple 
strains were recorded as the mathematical average of the 
strain patterns. Pattern types were arranged by size polymor- 
phisms of assigned rRNA regions into subsets, which revealed 
the branching genetic structure of the spedes. Subtracting the 
polymorphic variants of a spedflc assigned region from the 
pattern types and averaging the types within each subset 
resulted in reduced sets of conserved fragments that could be 
used to recognize strains of the spedes. Pattern types and 
reduced sets of conserved fragments were conserved among 
different strains of L. monocytogenes but were not observed in 
total among sti^lns of other species. 



Strains of Listeria monocytogenes are dassified into the taxon 
based on genotypic and phenotypic similarities (1, 2). A gen- 
eral method for dassification and identification of strains by 
using DNA restriction fragments containing portions of rRNA 
operons has been described (3, 4). This method has been 
applied to the genus Listeria (5) and to L. monocytogenes (6), 
demonstrating its utility for classifying, identifying, and typing 
strains. 

We have described a standard method for species descrip- 
tion by using conserved sets of species-spedfic rRNA gene 
restriction endonuclease-derived fragments (7). In the present 
study, >1000 strains of L. monocytogenes were characterized by 
using EcoKl fragments containing sequences complementary 
to an rRNA operon from Escherichia coU, The pattern struc- 
ture of the spedes was described in detail by the use of fixed 
electrophoretic conditions, fragment standards, electronic im- 
aging, and software for mobility normalization. In addition, we 
introduced the use of continuous-scale relative intensity in 
recording patterns from -9000 strains of -«200 spedes. The L. 
monocytogenes patterns were arranged into the taxonomic 
structure by the use of squared correlation values (8) and visual 
assessment We assigned letter names to the rRNA regions, 
each containing a given part of a given operon, and differen- 
tiated strains by restriction fragment length polymorphisms of 
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those regions. The structure of patterns revealed similarities, 
reduced sets of conserved fragments shared by multiple pat- 
tern types within subsets of the sample set, and the progression 
of strain variation through the dassically described spedes. 

MATERIALS AND METHODS 

Classical Characterizations. The following attributes were 
determined as described (9): cytochrome oxidase activity, 
catalase activity, and hemolysin activity enhancement (CAMP 
test). Biochemical profiles were obtained with the Micro-ID 
Listeria System (Organon Teknika-Cappel). The strains, rep- 
resenting all serotypes, were isolated from a wide variety of 
animals, foods, and environmental niches. 

Reagent Preparation. The rmB rRNA operon from E coU 
(10), inserted and replicated in pGEM, was digested with 
£coRI before labeling. After digestion, the DNA was predp- 
itated, dissoWed in water to a concentration of 0.8-1.0 mg/ml, 
denatured by inunersion in a boiling water bath, and chilled on 
ice. To label the DNA by sulfonation (11), a volume of 2.0 M 
sodium bisulfite solution (pH 5,6) equivalent to one-half of the 
DNA-solution volume and a volume of 1.0 M methoxylamine 
hydrochloride solution (pH 6.0) equivalent to one-eighth of the 
DNA-solution volume were added. The samples were mixed, 
and the pH of the solution was adjusted to 6.0 or less with HQ 
before incubating overnight at 30°C. Labelmg reagents were 
removed by Sephadex G-25 (Pharmada) column chromatog- 
raphy. 

A conjugate of anti-sulfonated DNA monodonal antibody 
(Orgenics, Yavne, Israel) and alkaline phosphatase (AP) 
^oehringer Mannheim) (12, 13) was prepared by adding 15 
times molar excess of ^^5ucdnimidyl-4-(7V-maleimidemethyl)- 
cydohexane-l-carboxylatc (Pierce) at 10 mg/ml in dimethyl 
sulfoxide to 50 mg of dialyzed antibody in 10 mM sodium 
phosphate/300 mM NaQ, pH 7.0. The mixture was incubated 
in the dark in a 25*0 water bath for 30 min and then placed on 
ice to stop the reaction. Unreacted cross-linking reagent was 
removed by Sephadex G-50 column chromatography (Phar- 
mada). Fractions containing activated monoclonal antibody 
were pooled, and the molar concentration was determined. 

^-Succinimidyl-5-acetylthioacetate (Pierce) at 10 mg/ml in 
dimethyl sulfoxide was added to an AP solution (Boehringer 
Mannheim) at a 15 times molar excess. The amount of AP (10 
mg/ml) used was that required to produce a 1:1.6 (wt/wt) ratio 
of monoclonal antibody to AP. The mixture was incubated in 
the dark in a TS'C water bath for 30 min, and the reaction was 
stopped by placing the mixture on ice. The sulfhydrji groups 
were deprotected by adding 500 fil of 1.0 M hydroxylamine for 
every 10 mg of AP arid placing the solution in the dark in a 
25'C water bath for 30 min. This reaction was also stopped by 
placing the mixture on ice and was followed 1^ the removal of 
the unreacted aoss-Unking agent by Sephadex G-50 column 
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chromatography. Fractions containing activated AP were 
pooled, and the molar concentration was determined. 

AP containing sulfhydryl groups was conjugated to the 
maleimide-activated monoclonal antibody by mixing the two 
solutions at a ratio of 1 mg of monoclonal antibody: 1.3 mg of 
AP and incubating the mixture in the dark in a 25''C water bath 
for 2 hr. This reaction was stopped by adding 18 /il of 0.1 M 
yV-ethylmaleimide for every 10 mg of monoclonal antibody and 
incubating the mixture in a 25°C water bath for 30 mm. The 
conjugate was concentrated by using an Amicon ultrafiltration 
stined cell, model 8050, with a YMIOO Diaf lo membrane and 
purified by Sephacryl S300 column chromatography (Pharma- 
cia) using 50 mM Tris/lOO mM NaCl, pH 8.0. The purified 
conjugate was stored at -20"C after 1:1 (vol/vol) dilution with 
storage buffer (50 mM Tris-HCl. pH 8.0/150 mM Naa/1% 
bovme serum albumin/2 mM MgCl2/0.2 mM ZnOz)^ 

Lysis of Bacteria and DNA Extraction. Strains grown over- 
night in 3 ml of brain heart infusion broth (Difco) were col- 
lected by centrifugation in a 1.5-ml tube, resuspended in 200 ^ 
of 10 mM Tris-HCl, pH 8.0/10 mM Naa/50 mM EDTA, pH 
8.0 and heated at IS'^C for 10 min. Cells were treated with 30 
fi\ of yV-acetylmuramidase at 1 mg/ml (Seikagaku America, 
RockvUle, MD), 30 fi\ of lysozyme at 20 mg/ml (Sigma), 5 fii 
of lysostaphin at 5000 units/ml (Sigma), and 5 /jlI of RNase, 
DNase free at 2000 units/ml (Boehringer Mannheim) at 3TC 
for 15 min, followed by addition of 40 ^1 of crude achromopep- 
tidase at 20 mg/ml (Wako Pure Chemical, Osaka) and 15 min 
of additional incubation at 3T*C. After the addition of 100 ^ 
of 10% SDS (Bio-Rad) and 126 /il of proteinase K at 10 mg/ml 
(Boehringer Mannheim), the solution was incubated at 65°C 
for 30 min. The cell tysate was transferred to a 1.5-m] phase- 
lock gel I light centrifuge tube (5 Prime 3 Prime, Inc.), 
extracted with phenol/chloroform (Applied Biosystems), and 
the DNA was ethanol-precipitated with 3 M NaOAc. The 
precipitated DNA was collected by centrifugation, and the 
ethanol was removed. The pellet was washed with ethanol and 
aiTKlried for at least 15 min. The DNA was resuspended in 500 
of IX TE buffer (10 naM-Tris-HQ, pH 8.0/1 mM EDTA, 
pH 8.0) and 5 ^ of DNase-free RNase (Boehringer Mann- 
heim), incubated at^ST'^C for 4 hr and stored at 4°C 

DNA Digestion and Electrophoresis. After determination of 
nucleic add concentration by absorbance at 260 nm, 5 ^g of 
DNA was diluted to 158 /utl with water, 40 /xl of 5X £coRI 
buffer [1 X EcoRl buffer is 100 mM Tris-HQ (pH 7.5), 50 mM 
NaQ, 10 mM MgQj, 10 /ig of bovine serum albumin], and 2 
til of EcoRl at 50 units/Ail (Boehringer Mannheim) were 
added, and the DNA was digested overnight at 3T*C Loading 
solution was prepared by mixing 2,75 ml of a 0.25% bromo- 
phenol blue/0.25% xylene cyanol/25% Ficoll solution with 
0.55 ml of 0 J M EDTA (pH 8.0), and 2.5 /il was added to 17.5 
td of digested DNA. Four microliters of the resulting solution 



(87.5 ng) was applied per lane to a 0.8% agarose (SeaKem 
GTG, FMC) gel prepared with TTNE buffer (20 mM 
Tricine/50 mM Tris base/5 mM NaOAc/10 mM EDTA, pH 
8.65) and electrophoresed at 40 V for 2.75 hr (Horizon 58 
mini-gel, BRL). To ensure accurate data extraction, size 
standards consisting of pooled Bgl I, Cla I, and Ssp I digests of 
pKK3535 (10) were electrophoresed in lanes adjacent to 
samples yielding eight samples and five standards per gel. 

Electrophoretic Transfer, Denaturation, and UV Cross- 
Unking. After electrophoresis, the DNA was transferred to a 
membrane (N04HYT, Micron Separations, Westboro, MA) 
with a Hoefer transfer unit (TE 22) via a 1-hr electrophoresis 
at 1.0 A in TTNE buffer at 4°C. After transfer, the membrane 
was rinsed in buffer to remove residual agarose and 

placed, DNA-side up, on a sheet of 3MM paper (Whatman) 
saturated with the denaturing solution (0.2 M NaOH/13 M 
NaQ). After 2.5 min, the membrane was transferred to a 
second blotter paper saturated with TTNE buffer for 15-20 s. 
TTie membrane was dried for 30 min under a heat lamp, 
DNA-side up, on a piece of 3MM paper. The DNA was 
cross-linked to the membrane with a Bios crosslinker 312T 
(Bios) at an automatically timed dose of 0.6 J/cm^. 

Hybridization and Detection. Each membrane was prehy- 
bridized with 5 ml of hybridization solution (denatured, son- 
icated, sahnon-sperm DNA at 125 ng/m^/OS M Naa/1% 
SDS) for 10 min at 66'*C in a- roller bottle apparatus. This 
solution was then replaced with 6 ml of probe solution 
(hybridization solution containing 1.5 /ig of heat-denatured 
sulfonated DNA). After overnight hybridization at 66*C, the 
probe solution was decanted, and 20 ml of 66*C wash buffer 
(0.5 M Naa/1% SDS) was added. The bottle was returned to 
the hybridization oven for 15 min. This treatment with wash 
buffer was repeated for a total of four washes. The membrane 
was removed from the bottle, placed on a blotter, DNA-side 
up, and dried for 10 min at 30"C 

Before application of the conjugate, each hybridized mem- 
brane was submerged in 20 ml of freshly prepared blocking 
buffer [30 g of skim milk powder (Difco) per 100 ml of 25 mM 
Naa/50 mM Tris-HO, pH 7.5/1 mM EDTA/0.3% Tween 20] 
and placed on a rocker in a 30*C incubator. After 30 min, the 
buffer was decanted and replaced with an amount of conjugate 
(based on titer, typically 1:100 to 1:300) in blocking buffer. The 
tray was returned to the rocker for an additional hour. This 
incubation was followed by three successive 5-min washes (20 
ml of 0.5 M NaCl/0.3% Tween 20) at room temperahire. The 
membrane was then washed three times for 5 min each with 
assay buffer (50 mM sodium bicarbonate/carbonate and 1 mM 
MgCli pH 9.5). After decanting the final assay-buffer wash, 20 
ml of assay buffer containing 220 of phosphate phenyl 
dioxetane (10 mg/ml) (Lumigen, Southfield, MI) was added 
for each membrane. The tray was covered and held at room 



Table 1. Invariant fragment sizes for the base pattern type and for each subset of L, monocytogenes 
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temperature for 5 min with rocking, followed by 10 min 
without rocking. The membrane was then taped DNA-side up 
on blotter paper and dried in a 3(fC incubator for a minimum 
of 30 min. The membrane was then removed from the blotter 
paper and heated in a 700-W microwave oven on the high 
setting for 10 s. The chemiluminescent image was recorded 
electronically and analyzed as described (7). The initial results, 
electronically recorded images of membranes showing EcoKi 
fragments and standards separated by size and labeled by 
hybridization with the probe containing the rRNA operon, 
were processed to extract and normalize the pattern of frag- 

Type Count 



E5^ 



E5J 



£9.2 




F^O. 1- monocytogenes types (EcoRl) arranged in subsets ac- 
cording to the indicated sizes (kbp) of E variants. The types within each 
subset were sorted with the G-f ragmen t sizes increasing from small to 
large. The type name and the number of strains in each type are shown. 
DD 0566, ATCC 15313; nomcnclatural type; DD 0647, ATCC 19118- 
and DD 0653, ATCC 19115. 
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ment bands for each lane of data, and the patterns were 
entered into a data base. 



RESULTS 

Pattern 1>pes. The patterns were arranged by similarity 
through the use of squared correlation values and visual 
assessment to determine nearest neighbors. These patterns, 
representing 1346 strains, revealed seU of hybridized frag- 
ments that were conserved among different strains of L. 
monocytogenes but were not observed as a set in any other of 
the >200 species tested. Patterns that were indistinguishable 
within the experimental error were averaged, and the average 
was stored as a pattern type. Any specific pattern representing 
a single strain also constituted a pattern type. With this 
approach the diversity within L. monocytogenes was resolved 
into 50 distinct typ^. Thirty-four types represented two or 
more strains. Each type that represented a single strain 
differed from its nearest neighbor by the position of a single 
band. Each type (prefbc dd) was assigned the number of the 
strain first represented by the pattern type (prefix DD). 

Formation of Coherent Subsets. Each hybridized fragment 
of a given size in the monocytogenes patterns was considered 
to be a taxonomic character, and the frequencies of occurrence 
of these fragments in the patterns of JL monocytogenes strains 
were determined. Type dd 0566 incorporated the hybridized 
fragments with the highest frequencies of occurrence and was 
designated as the base type for comparison of suggested poly- 
morphic fragments. Table 1 indudes the size of each of the 
Segments in dd 0566. Hiese fi-agment bands were lettered 
sequentially on the basis of their relative positions in the base 
type. 

Once the base type was established, other types were 
described by the size polymorphisms of the detected frag- 
ments. Accordingly, the types Were grouped by squared cor- 
relation values and visual arrangement of the suggested size 
polymorphisms of a given fragment into coherent subsets. 
Within these subsets, the coherence is that all bands are fixed 
in position except one. 

Fig. 1 shows four subsets. In each of these subsets, the E 
fragment was fixed at a different size, and G fragments were 
polymorphic. The bands with fixed positions in the subset are 
labeled; the G fragments are apparent by their different sizes. 
These four subsets represent the dominant structure of the 
species. The first subset, labeled E 5.2, included the base type 
(dd 0566) and other patterns that differed from the base 
pattern only in the restriction fragment length polymorphisms 
of the G region. The E 5.3, E 9.2, and E 11.2 subsets also 
represented E-variaht subsets with some of the same multi- 
plicity of G-fragment sizes. The two types in subset E 11.2-C 
(Fig. 2) differed from dd 0647 and dd 1962 by a 4.0-kbp 
C-fragment band deletion. Subset E 5.3-D included dd 6323, 
which differed from dd 6296 (Fig. 1, E 5.3 subset) by a 5.0-kbp 
D-fragment band deletion. 

Pattern Strain 



EllJ-C 



J^'l II 
"vl If II: 



dd9709 
dd 3259 



FE C 



6323 2 
3581 12 



Fig. Z Additional L, monocytogenes types {EcoKl) arranged in 
subsets a<xording to the indicated sizes (kbp) of E variants and the 
noted deletions or unseen polymorphisms. The types within each 
subset were sorted with the G-fragmcnt sizes increasing from small to 
large. The type name and the niunber of strains in each type are shown. 
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Pattern Strain 
Type Count 

.X ; 



dd3075 5 

dd 1284 121 

dd0566 M 
dd 7699 



GH 
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n 
Jl 



dd0648 
dd8842 
dd0«52 

dd3823 

dd6S2] 
dd6824 



Fig. 3. Additional L. monocytogenes types {EcoKl) arranged in 
subsets according to the indicated sizes (khp) of G, H, and E variants, 
the last three pattern types are considered as a single subset The types 
within each subset were sorted with the F-fragmcnt sizes increasing 
from small to large. The type name and the number of strains in each 
type are shown. DD 0566, ATCC 15313; DD 0648, ATCC 19114; and 
DD 0652, ATCC 19U6. 

Fig. 3 shows ajdditional subsets. In the first two of these 
subsets, G and H fragments were of different fixed sizes. The 
two G-fragment sizes were the most frequently occurring, as 
seen in the straiii counts in Fig. 1 (dd 0566, dd 6362, dd 1049. 
and dd 0647 for G 6.2; dd 1151. dd 0653, and dd 1 962 for G 8.1). 
The bands with fixed positions in the subset are labeled, and 
the F fra^ents were apparent by their different sizes. Type dd 
0566 fits into both the E 5.2 subset of Fig. 1 and the G 6.2, H 
9.0 subset of Fig. 3 and links the subsets. The G 8.1. H 7.1 
subset differed from the previous subset in the position of G 
and H. Because the H 7.1 polymorphism had not been ob- 
served in any* other subsets, all strains in this subset were 
classically retested and verified as L, monocytogenes (cyto- 
chrome oxidase, negative; catalase. positive; CAMP, positive 
with Staphylococcus aureus ATCC 25923. and Micro-ID octal 
code. 44044), 

. The patterns labeled G 5.8, H 7.I and E/G 5.8, H 7.1 (Fig, 
3) differed from the G 6.2, H 9.0 subset in the variant positions 
of fragments G and H and of fragments E, G. and H, 
respectively. The G 5.8. H 7.1 and E/G 5.8, H 7.1 subsets had 
two (G and H) of six bands with a low frequency of occurrence 
for L. monocytogenes. The 5.8-kbp fragment (G) had a high 
frequency of occuifence in Listeria innocua (Fig. 4). However, 
these subsets shared the H 7.1 fragment with the G 8.1, H 7.1 
subset, and this fragment is not present in the adjacent L 
innocua patterns. Correlation ana^is (data not shown) indi- 
cated that the represented strains were closer to L. monocy- 



l€kbp 



dd3823 
dd682l 
dd6824 

Listtria 



I il 

Fig. 4, Three distal pattern types of the structure of L. monocy- 
togenes, shown with some of the adjacent edge of innocua pattern 
types. 
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Pattern Strain 
Type Count 




ddll53 9 
dd 1071 4 
ddl067 



Fig. 5. Types affected by growth temperature. When the strains in 
type dd 1153 were grown cither at 2(fC or at 30*C; pure cultures 
presented at least two populations, as shown by the polymoiphic 
duplication of some bands. Similar results were obtained with strains 
of type dd 1071, but the relative intensities of the bands differ, 
especially C, B. and A When strains from cither type were grown at 
42*^:, they produced patterns matching dd 1067. The type name and 
the number of strains in each type are shown. 

togen^ than to L. innocua. To verify the identification, all 
strains in this subset were also retested classically. These strains 
were as follows: cytochrome oxidase, negative; catalase, pos- 
itive; and CAMP, positive, as expected for L. monocytogenes. 
However, the rhamnose reaction in the Micro-ID system was 
negative and produced an octal code of 44040. This result is 
atypical, although rhanmose-negative strains of L. monocyte-, 
genes have been reported (14). 

The first two types in Fig. 5, dd 1153 and dd 1071, constitute 
the last subset; the patterns from strains of these types were 
affected by the growth temperature. These pattern types were 
similar to dd 1067 (included in Fig. 5 for comparison), except 
that at least two different genetic population types were 
present in the pure culture, as shown by the same regions 
manifested iii multiple bands. The different population types 
occurred when the cultures were grown either at IXfC or at 
30°C. When the cultures were grown at 42*'C, the resulting 
patterns matched the dd 1067 pattern typei 

Table 1 summarizes the fragment sizes for each of the 
subsets. 

Reduced Sets of Conserved Fragments. A reduced set of 
conserved fragments was constructed for each of the coherent 
subsets by removing the information of the highly jwlymorphic 
region from the pattern types and averaging the fragment 
bands occurring at 100% frequency in each subset. The G 5.8, 
H 7.1 and E/G 5.8, H 7.1 subsets were combined intq one for 
this purpose. Fig. 6 shows the nine reduced sets of conserved 
fragments along with their descriptive names and strain counts; 

DISCUSSION 

Fragment Conservation. The survey of L. monocytogenes 
described here revealed similarities shared by strains of the 
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Description 



Strain 
Count 
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E 5.2,. G 
E 5J,.G 
E 9.2,. G 
EllA-G 
EllJ.Q. 
E SJ-D,- 
G 6.2. H 9A • F 
G 8.1, H 7.1,. F 
G 5.8,H7.1,-F 
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.G 



III 



438 

la 

499 
227 
2 
14 
127 
11 
5 



Fig. 6. Reduced sets of conserved fragments. By using the posi- 
Uons of the six or more bands that occurred at 100% frequency in each 
of the coherent subsets, nine reduced patterns were created. These 
reduced patterns were conserved among the strains of monocyto- 
genes but were not observed as a set among the strains of the other 
species tested. 
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species and greater diversity than seen in classical serotyping 
(9). This description was made possible by use of a charge 
coupled-device camera detection of a light-emissive label (7), 
strict normalization of band positions relative to standards, 
and use of the full-scale normalized signal intensity in the 
computerized analysis. The conservation aild strain variation 
permitted the data from 1346 strains, 50 pattern types, to be 
further reduced to nine minimal sets of fragments for identi- 
fication of monocytogenes. Each minimal set was viewed as 
an ensemble of positive taxonomic characters with a related 
frequency of occurrence in the sample population (Fig. 6). The 
minimal sets, further sharing some of the fragment sizes, 
created a reduced definition of the species. 

The cohesiveness of the total set of the 50 pattern types was 
verified by the observation that each pattern type differed 
from some other pattern types in the position of a single 
polymorphic fragment band. An exception was the step into 
the H-variant subsets, where a double polymorphic change was 
observed partitioning the strains branching toward L, innocm, 
A relationship of these strains was seemingly implied by the 
arrangement of pattern types, especially in the G-region poly- 
morphisms shown in each subset of Fig. 1. However, the pattern 
types in these subsets could be rearranged into a number of 
different subsets, each explicitly showing the polymorphisms of 
the E region and G region conserved within each subset. 

Fig. 5 includes two patterns types of strains that originally 
appeared to differ from the rest of the species. That the 
patterns in this subset could be recognized by using the 
reduced set of conserved fragments from subset E 5,2 and that 
patterns matching dd 1067 resulted when cultures were grown 
at higher temperatures suggested that this subset is intrinsically 
related to the E 5.2 subset 

Coherent Subsets. The similarities of the other 48 pattern 
types were made more apparent by the formation of coherent 
subsets. The E 5.2. E 5.3, E 9.2, and E 11.2 subsets (Fig. 1) 
differed from the base pattern, dd 0566, in the positions of both 
E variants and G-fragment sizes. Subsets E5.3-D and E 11.2-C 
(Fig. 2) were viewed as low-frequency branches from the 
related E-variant subsets. Qassical bacteriology recognizes 
that conserved attributes may not be present in all strains (15), 
and some minimal characters for identification may occur at a 
frequency of <100%. The base pattern was also a branch point 
for the F-variable subset (Fig. 3). The structure in Fig. 1 and 
the branches shown in Fig. 2 (all subsets) and 3 (subset G 6.2 
H 9.0) include 1323 strains (983%), 

The other subsets shown in Fig. 3 display greater divergence 
from the G 6.2, H 9.0 subset, with two and fmally three regions 
with variant fragments. The decreasing number of variant 
fragments in common with the branching F-variable subset (G 
6.2, H 9.0) seems to suggest divergence from the dominant 
structure of the species. However, the fragments do not appear 
randomly throughout the molecular size range but appear at 
discrete petitions characteristic of the species. Correlation 
analysis indicated the G 8.1, H 7.1 subset was near the edge of 
theL, monocytogenes cluster. Qassical methods confirmed the 
identification as L. monocytogenes. By DNA homology mea- 
surement, strain DD 0648 (ATCC 19114) is 72% related to the 
type strain of L. monocytogenes and 54% related to the type 
strdin of L. innocua (1). In addition, several strains in type dd 
0648 were associated with listeriosis in ruminants, a charac- 
teristic associated with L. monocytogenes rather than L. m- 
nocua (16). 

The G 5.8, H 7.1 and E/G 5.8, H 7.1 types (Fig. 3) were 
considered together. Conelation analysis indicated that these 
subsets were clustered out from the branch point and in the 



direction of the L innocua cluster. The negative rhamnose 
reactions and the octal codes from the Micro-ID kit were 
consistent with L. innocua (17). However, the positive CAMP 
results were consistent with L. monocytogenes. These separated 
branch subsets represented only a small percentage of the 
sample, and this last subset represented only five strains, 
apparently an edge of the species. 

Reduced Sets of Conserved Fragments, Both the patterns 
and their embedded reduced sets of conserved fragments 
defined the spedes. On the basis of visual recognition of the 
E-variant band fragments, the first four patterns (representing 
reduced sets) in Fig. 6 could be further reduced to a single s^t 
by removing the information of the E polymorphic region (E 
9.2, -G). The -C and -D patterns were viewed as branching 
strain variations with low frequencies of occurrence. This 
conservation progressed in stepwise fashion and branched at 
the F-variabIc patterns (Fig. 3) toward L. innocua (Fig. 4). The 
G 5.8, H 7.1 and E/G 5.8, H 7.1 conserved set was intermediate 
and was included provisionally within L monocytogenes on the 
basis of the linkage to the previous set, the absence of an 
expected L. innocua fragment band and the positive CAMP 
reaction. The reduced sets of conserved fragments were 
recognized explicitly in the arrangement of patterns; this 
conservation was also recognized implicitly by similarity val- 
ues. 
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ABSTRACT 

Bacterial faitv aoids and cuHuritiQ fequlr0mept& are discussed. SamplB prsparBthn technlquBs for gas-liquid chromato- 
amphlc anal^ts of fatty acids as meffty/ esterc a« ouVin^ in detsit A high porfomance chromatogmphic system with 
operating condltiona for use with b fused silica capiuary column is descnbed. 



INTRODUCTION 

^-Gas-Uquld Chromatography (QLC) is a valuable aid in 
the identification of bacteria. GLC analyses of the fatty 
acids present in the Ilpld3 of cells' membranous struc- 
tures result in specific, reproducible fingerprints or pro- 
files. By comparing whole cell fatty acid profiles, many 
closely related orsanlsms may be ditfererftrated (2,4,10. 
GLC is particularly useful for rapid identification of slow 
growing or non-fennentlve bacteria (1,9,17,18). The 
analysis of cellujar fatty acid profiles is also applicable 
to the identification of yeasts and otherfliicroorganisms 
(e,14), Distinctive fatty acid methyl ester <FAMq profiles 
have been determined for many organisms. Strains of a 
species show only minor quantitative variations in their 
FAME profiles* Closely related species or genera are 
distinguishable by qualitative differences (the presence 
or absence of fatty acids) or large quantitative dif- 
ferences In acid abundances. Reference profiles are 
generated by repetitive analyses of many strains within 
a species. Identification may then be made by matching 
FAME profiles of unknovi^n organisms with reference 
profiles. 

Fatty acid extracts can be prepared by saponifying 
whole bacterial cells In a strong base. After saponifica- 
tion the cellular solution Is acidified and the liberated 
fatty acids ar^ then methylated tp increase their yolatlll- 
ty upon subsequent GLC analysis, The methyl esters of 
the fatty acids are extracted from the acldified^aqueous 
solution. Before Injection, the organic extract Is washed 
with a dilute base. The washed extract can be analyzed 
by GLC with a nonpolar capillary column and a flame 
ionlzat'ton detector, 

The procedure Is fairiy simple and rapid; Batched 
samples can be prepared in approximately one hour. 
The actual total technologist's time is less than 4 
minutes per sample. The GLC analysis of a sample can 
be done in less than 20 minutes. If an automatic sampler 
is used; the extracts can be analyzed without further 
technologJst time. A desk top calculator can be prcK 
grammed to ij3entify the peaks by name and perform a 
library search for bacterial Identification, 



FATTY ACIOS 

Most whole cell bactertaJ extracts contain fatty acids 
with carbon chain lengths of 10-20 carbons. These acids 
may vary in degree of unsaturatlon or branching and 
may aJso contain hydroxyl groups. (See Figure IJ The 
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most common fatty acids detected are straiflht chein 
fatty acids with eacfi carbon saturated with hyclro^en 
atoms. Mono-unsaturated acids, those having one dou- 
ble bond in the carbon chain, are also common. Di- and 
tri-unsaturated fatty acids have been isolated in yeast 
extracts (14). Branching of the cartaon chain backbone 
generally results In "Iso" or "antelso'' acids. Branched 
acids are abundant in Gram positive bacteria such as 
Staphylococcus (Figure 2) and Bacillus species. 
Cyclopropanes, those acids with a three-carbon ring in 
the carbon chain, are found in many Gram negative 
organisms. Hydroxy acids heve an OH group bonded to 
the second (alpha) or third (beta) carboa (Carbon 
numbering begins at the carboxyllc end of the chain.) 
These are aJso comrt^only found In Gram negative 
bacteria. 

While most fatty acids pontain only the car1x>xyl group, 
occasionally fatty acids with more than one functional 
group are Isolated. Such acids have been Isolated in so 
few organisms that they are an Immediate clue to the 
Identity of the bacterial source. The unique FAME pro- 
file of Flavobactertum men/ngosepf/cyn?. containing 
' several branched chain hydroxy acids, Is shown in 
Figure 3. 



METHODOLOGY 

For over 15 years, Dr. CW. Moss et al., have been using 
gas chromatography to analyze bacterial fatty acids. 
The sensitive and reproducible sample preparation 
technique developed in Dr. Moss's laboratory at the 
Centers for Disease Control (3,8) ls> with a few mod If lea- 
tlons, schematically represented in Figure 4. The pro- 
cedure, done in a single test tube which significantly 
reduces sample loss, is described in detail below. 




4 mm loop 
24 hour cbIIs 



1 ml 1N NaOH 
(50 % MvthanoQ 



SEAL — 

HEAT 
l00'>C/30 mVn 




ADD 
0^ mt 6N HOI 
1.0 ml BCI3 



A- 

REMOVE 
aqiMoufl 
phaM 



ADD 

1J3 ml (4:1) 
C6/oe 



3mtn 



MIX 
GENTLY 



ADD 
3 ml 0.3N NaOH 



fiEMOVE 
ORQANIC 
efTRACT 



6 



ANALYZE 
BY 
GLC 



FIgura 4» 



REAGENTS 

1. 1.2N NaOH in 50% aqueous methanol. Dissolve 4.8 
grams NaOH (Baker Rec^ent Grade) In 50 ml distilled 
water plus 50 ml methanol (Burdick and Jackson). 
Reagent should be prepared fresh at least eveiy 30 
days, 

2. 6 Af HCI. Dilute concentrated HCI (Baker 
Reagent Grade) one to one with distilled water. 

3. 12% BCI3 in methanol. Supeico, Bellefonte, PA. 
Available in both pint lx}tttes and 2 ml ampules. 

4. Hexane/dlethyi ether (1 :1) (both Burdick and Jackson). 

CULTURE 

Using a wire loop, transfer cells from a colony on the 
primary isolation plate to the center of a plate of basal 
media, preferably Tryptlcase Soy Agar (BBL), Moisten a 
sterile cotton swab with sterile distilled water. Use the 
swab <or the wire loop) to spread the cells over the entire 
surface of the plate. Rotate the plate 90' four times 
while spreading to assure even coverage. Incubate the 
culture plate at 37*C for 24 hours. (Media selection and 
Incubation condftions may vary for fastidious organisms. 
However, the culture conditions should be identical to 
those used to generate the reference profile.) Length 
and temperature of Incut^tion are important con&idersi'^ 
tions since both factors may influerice the fatty acid 
composition of the cells p,5). Harvest the cells by gently 
scrapping the agar surface with a 4 mm inocuiatinfi 
loop. One heaping loopf ul of cells is an adequate quanti- 
ty for cellular fatty acid analysis. Some cultures do not 
adhere well to the wire loop, but those can easily be 
harvested with the tip of a Pasteur pipette after it has 
been bent into a loop, 

SAMPLE PREPARATION; >f.l^e-tti ^k^} 
1, SAPONIFICATION— Ceils are added to 1.0 ml of 
1.2N NaOH in 50% aqueous methanol solution In a 
100 mm X 13 mm screw cap test tube. The tubes are 
tightly sealed with Teflon-lined caps, then placed in 
a boiling water bath for 30 minutes. The tubes 
should be checked after several minutes. Bubbling 
in the tubes during saponification indicates leak** 
age. 



CAREFULLY TIGHTEN THE CAP * OF 
LEAKING TUBES SINCE HEATING OF 
- SEALED TUBES BUILDS PRESSURE AND 
CRACKED OR SCRATCHED GLASSWARE 
COULD BURST. IT IS REOOfwIMENDED 
THAT THE HEATING STEPS BE DONE IN 
A CHEMICAL HOOD; THE WEARING OF 
SAFETY GLASSES IS ANOTHER SAFETY 
PRECAUTION. 

After 1/2 hour, remove the tubes from the bath and 
cool .to room temperature. 

METHYLATION— Acidify the saponlficate with 0,6 
ml BM HCI. Using pH paper, verify that the pH < 2. 
Add 1.0 ml of 12% BCIa In methanol reagent to 
catalyze the methyiation, The BCI3 methanol re- 
agent will pipette more easily if it Is cold (7°C)* 
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Again tlgMly seal the tube, mix gently, then heat for 
5 minutes in a water bath at BSX, Remove the tube 
from the water bath and cool to room temperature. 

EXTRACTION— Add 1,0 ml of hexahe/dlethyl ether 
(1 -1 ) to extract the FAM Es from the aqueous phase. 
Tightly seal the tubes. Gently but thoroughly mix 
the tubes end over end for three minutes. (The test 
tube mixers used In hematology labs work very 
well,) Allow a few minutes far the phases to 
separate then pipette and discard the acidified 
aqueous (bottom) phase. 

BASE WASH-Add 3.0 ml of 0.3 N NaOH solution to 
the organic extract. Cap tightly, then mix gently end 
over end five times. When the phases separate, use 
a clean Pasteur pipette to transfer the organic ex- 
tract (top phase) to a clean sample vial If may be 
necessary to centrifuge briefly to break an emul- 
sion. Cap vial to prevent evaporation or spillage. 

3AS CHROMATOGRAPHIC INSTRUMENTATION 

Hewlett-Packard has developed a capillary Gas-Liquid 
Chromatography system which has been optimized for 
analyses such as bacterial fatty acid methyl esters. The 
Hp 6790A Gas Chromatograph has an oven, designed for 
ligh performance capillary chromatography. Equipped 
A/|th a flame Ionization detector and coupled with an HP 
3390A Integrator, this GLC system Is capable of precise 
routine FAME analysis at relatively small costs. The ad- 
dition of a sampler/event control module HP 19400A and 
a HP 7671 A Automatic Sampler offers automation of the 
GLC analysis, A HP 85 Personal Computer programmed 
to do peak Identifications can be Interfaced into the 
system. 

Capillary chromatography Is required so that Iso- and 
anteifio-branched chain adds, as well as positional 
isomers of unsaturated acids, can be resolved (11). A 
50 m X 0.2 mm methyl silicone fused capillary column 
has both the chromatographic performance and column 
lifetime desired for routine analysis of bacterial extracts 
(7, 11). Prior to shipping, every Hev^/lett-Packard fused 
silica capillary column is tested to determine column 
perfonnance. The column recommended for this ap- 
plication (Part No. 19091B Option 102) is required to 
have > 4O00 theoretical plates per meter for peaks v/lth a 
it = 7 to 9r Since' the stationary phase has been 
chemically crosslinked to the fused silica tubing, there 
is less noise and drift during temperature programmed 
runs. The crosslinked fused silica* capillary columns 
also are more Inert than the packed column systems. 

Listed below are the chromatographic conditions suit- 
able for whole cell bacterial FAME analysis with a 50 m 
methyl silicone fused silica capillary column Installed In 
a HP 5790A Gas Chromatograph. 

PNEUMATICS: 

Carrier gas— Hydrogen 

Column Head pressure— 25 psi 

Split ratio-100;1 

Septum purge— 5 ml/minute 
OVEN TEMPERATURES: 

Initial temperature— 145*C 



Initial time— 0 minutes 
Program rate— 5^'CMiinute 
Final temperature— 2B0'C 
Final tlme--0 minutes 
Injection port— 250'C 
FID temperature— 300*C 
INTEGRATOR: 
Threshold— 1 
: Attenuation- 2t0 
Peak width— M • 

Option 5 (extended retention time)— ON 

Chart Speed— 1 cm/minute 
TIMETABLE 

0— Int e ON 

0— Area ReJ 90000000 

3.50— Area Rej 0 

26.00— Stop 
INJECT 1 fi 

Gas flows to the flame ionization detector should be set 
as recommended in the HP 57Q0A Gas Chromatograph 
User's Manual. : 

FAME IDENTIFICATION | 

Before attempting to use'GLC to identify tiacterla, the 
operator should be familiar with the use of the Instm- 
ment. This can be done by performing several injections 
of a FAME standard solution. On a given day^ repeated 
injections of a standard solution on a HP 5790A GLC 
system should result In run-to-run reterrtlon time dif- 
ferences of less than 0.005 minutes for any peak in the 
run (16), 

A bacterial FAME mix available from Supeico Inc., 
Bellefonte, PA., contains a selection of methyl eaters of 
the fatty acids commonly found in bactena (Figures). To 
use the standard with the conditions Dated above, dilute 
20 microliters of the Supeico standard In 1 microliter of 
the extraction solvent. The amount injected is 1 
microliter. The elution order of the acids in the standard 
Is supplied by Supeico. {Elution order \& given for a 
SP-2100 glass packed column. The order is not altered 
on the methyl silicone fused silica capillary column. 
However, isomers of the unsaturated acids can be 
resolved on a fused silica capillary; two CI 8:1 peaKs 
may be observed eluting before C18:0.) Notice that the 
hydroxyl group Increases the polarity (boiling point) of 
hydroxy acids compared to saturated unsubstltuted 
acids so that they elute later than other fatty acids of 
the same carbon length on a methyl silicone fused silica 
capillary column. For example, C16;0 2 OH elutea after 
C17:0 whereas other fatty acids with 16 carbons elute 
after C15:0 and before C16;0. 

The Supeico standard does not contain all the FAMEs 
needed for bacterial identification. Additional standards 
containing the iso-branched saturated FAMEs ar« re- 
quired. Those fatty acids with two functional groups, 
such as those in FI$vobacterlum menlngosepticvm are 
not commercially available. These acids are best ot>. 
talned by preparing and derivatizing the acid^ from live 
stock cultures of the bacteria. Figure 6 shows chro- 
matograms of a Xenthomonas maltophilis and a 
Pseudomonas puirefaclens extract which contain more 
of these unusual acids. (Identity of these as well as 
other acids are available In the literature*) 
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The retention time data obtained while becoming 
familiar with the Instrument can then be used to 
celculate Equivalent Chain Length (ECU) data for 
FAMES, ECL expresses where a FAME elutes with re- 
spect to the series of straight chain saturated methyl 
esters in a temperature programmed run. fThis iselmilar 
to the better known Retention Index System for -hydro- 
carbons in an isothermal analysis.) The ECU Index of a 
straight chain saturated FAME is equal to the acld*s car- 
bon number. That Is. C14:0 has an ECL of 14.000. A 
FAME eluting half way between C14:0 and C15:0 has an 
ECL of 14.600. 

After Identifying the saturated stnaight chain FAMEs in 
the Supeico standard, calculate the ECL for the other 
FAMES using the following equation, a simple linear in- 
terpolation between the saturated straight chain 
FAMEa: 

ECLx = ((Rtx- Rtn)MRtn + i - RtnD + n 

where Rtx is the retention time of the methyl ester x; Rtn 
is the retention time of Cn.-0, the saturated straight 
chain methyl ester which precedes methyl ester x; 
Rtn -1-1 Is the retention time of Cn + 1:0, the straight 
chain Saturated FAME which elutes after methyl ester x. 

Figure 7 Is a family plot of ECL data. The ECL for a given 
FAME Is plotted on the vertical axis above Cn:0, Each 
vertical axis represents the retention time between Cn:0 



and Cn + 1;0 in ECL units. For members of a homo- 
logous series, the ECL plots tend to be linear. This 
linearity allows one to interpolate from the plot when 
identifying unknown FAME peaks. (While column-to-. 
column variability Is very low for HP fused silica 
capillary columns' coated with methyl silicone, It Is 
recommended that an ECL plot be made for each col- 
umn,) 

Manual identification of FAME peaks is done by calcula- 
ting the ECL Index for each peak. The indices are plotted 
on the family plot for the speciffc column. Peaks are 
identified when they He within a window of approximate- 
ly 0.005 ECL units Qf an ECL value for a known standard 
FAME (remember that the retention time stability of the 
system Is good to 0.005 minutes; each full ECL unit is 
equal to roughly 1 minute of retention time with the 
given GLC conditions). 

Retention times of overloaded or very large (offscale) 
peaks may be distorted. It^ls advised that the FAME con- 
centration of each extrac^bc comparable to the concent 
tratlon of the working Supeico standard solution (20 
nanogramsAl microliter with a 100:1 epiit ratio giving 0.2 
nanogram on column per microliter injection). You may 
find it necessary to dilute or concentrate extracts 
depending on the amount of cellular material available. 
Extracts can be concentrated by evaporating some of 
the solvent with a gentle stream of clean nitrogen. 
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Because the instrument is operating at high sensitivity, 
contamination from various sources can producapeaks 
which interfere with Interpretation. Thus, one should 
use fresh pess than 30 days) reagents, and prepare a 
control extract (reagents only) with each batch of 
samples. Many of the small contaminatinfl peaks appear 
as small broad peaks with peak widths twice that of the 
known FAMEs In the run. Eliminate these peaks from 
the profiles. 

When comparing profiles, peaks that are less than 1% 
of the total area percent should not be considered. 
Some authors do not consider the presence or absence 
of small peaks which contribute less than 2% of the 
total area percent After ellmlnaflnfl these small peaks, 
most t)acterial extracts will contain 10-12 significant 
FAMES. Cultures of the same species will have the 
same major FAMEs present and in very similar area per- 
cent ratios (i 6%). Larger (> IOVq) differences In an 
area percent ratio may indicate a related species. 

Software is now available to program the HP 66 Per- 
- sonal Computer for FAME peak Identification. For a 
gWen column and conditions, ECU values for known 
bacterial FAMEs are entered Into the HP 85. A standard 
mixture of saturated straight chain FAMEs is injected 
Into the GLC to calibrate the system. Following the 
calibration run, the HP 85 will match ECL values of 
peaks in a run with the data In its memory. The HP 85 
report lists the ECL, the fatty acid name, and the area 
percent of each significant peak in the run. 

For a sample HP 85 report, see Figure 8* Figure 9 shows 
. the corresponding HP 5790A chromatogram of a A 
aeruginosa extract, as integrated on a HP 339QA In- 
tegrator. 
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SUMMARY 

Work done by Dr. C.W. Moss et al., has shown that the 
analysis of bacterial whole cell tatty acids Is a useful 
and practical technique to rapidly Identify bacteria. The 
procedure developed at CDC is particularly appealing 
because it Is applicable to many different microbial 
groups. Some species within such diverse groups as 
Pseudomonas and related non-fenmenters, Legionella, ^ 
and Mycobacterium have been successfully distinguish- 
ed. The technique is most helpful where traditional 
microbiological procedures are tedious, time consum- 
ing, or ambiguous. 
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Comparison of the Cellular Fatty Acid Composition of a Bacterium 
Isolated from a Human and Alleged To Be BaciUus sphaericus with 
That of BacUlus sphaericus Isolated from a Mosquito Larvicide 

J. F. SIBOEL,^** A- R. SMIIH,^ asdKL NOVAK^ 

JUinois Natuj^l History Swvey, Center for Economic Emcmoicg^, ChdMpa^ Mm^ 6i82H ^ and D«p(irtmen$ cf 
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ofVeUrinaiyMedicuie,* Univemfy ofllUnois &i UrhaM'Chaitipalffit Urhana, JSinois 61802 

Rcccxwd 29 Jufy 1996/Accepted 22 Dtcta^ 1996 

The celhiliir &tty iici4 (CFA) composittoii of tbe <7toi^iiilcmenbmhe of ^hadlbs ifidbtod fnm « hmo 
luag and dep<»ited in the National CoIleetiDn U Typt Cdlrurcs mB BatUks ^Suuriaa KCTC 11Q25 wiks 
determined by gas-UquId chromatogRipJiQr. The CFA compofiidon of A sphaeriaa 23fi^ fisoltttcd tern a 
microHaj larvicide, and those of B, sphamcus leferenoe ^trains obtained from pabUc caQectums itm also 
detennined. San^iks mrc (reuped by hS^rarducal duster analysis based on the tuptiked^iraup snetbodmii^ 
arichmcHc: averages. Samples that linked at a Euclidean difltanice of U wore considered to belong to like 
same strain. NCTC 1102S and the ^ype strain o££. i^humaxSf ATCC 14577, rare uhcedj aU other i^oivtev w« 
mttnotypic. The prcdommant tskity aod m NCTC 11025 was 12-iiiet|r^tctni4ecanoic add, uliile die prtd6tti&- 
naat fxity add in the remaining isolates 13-incthy|tc(radQcaiioic add. NCTC Ufl2S linked ta the othier 
isolates at a Eudidtnn distance of IJ, and ve eonchided thatit beloki(a tb adilSctviit «pocka diat ift could 
not tdeiUi^. We could difitinguish among six DNA homdlos^ $rou|ks olR t^hmeriau by nsiBg bt^ adda. WUhin 
DNA homology group IIA, strain 23lS2 could be distinguished from other strains beloneing to serotype BSa, 5b* 
We conduded that CFA analjysifi is a ufiofol technique to determine if fttftkic faaman tsohtcs kkaiified a!s JL 
^haericus in fiict belong to other spedes of bactc^ or vhetker tltt tadiatefl oirfginaied ^ M ^ ■i^f^^f^l^^^^^ 
pradMKl& 



BacUlus spiToencus (Meyer and Neide) is a heterageneous 
spcdes based on DNA homology (14) containing strtiinfi that 
have commerdal potential as mO&^uiCO larviddcA. Tn 1980, B. 
sphaericus divi(ied into six groups (T* ^A, tIB, TTT, TV, and 
V) based on DNA homology; all larvicidal strains belong CO 
DNA homology group OA, This entOHiopat^iOgenic group is 
also discinct froin the Other DNA homology groups based on 
nuEDiBrical analysis of auxanogranuf, rRNA *eQe re^itiicn'os pat-^ 
ceius, r^uidoni amplified pcl^oioiphlc DNA fingerprinting, and 
ccUulai fahy add (CFA) analyse (1, S, 9, 14, ^7, 18, 23, 28), 
DNA homology group IIA can be divided into $ub^aps 
serotyping and phage typing (5). Larvicidfll acrivjiy of Che most 
toxic strains is due to the producdon of two proteins of 41.9 
and 52.4 kDa which act as a hina^ tcodii. Many Of the most 
toxic strains of sphaericus are ovembers of serotype VIS% 5b, 
and one strain belonging to this serotype, strain 2362 (isolated 
from bJackdies in Nigeria), is fermented cocnmerci^. The 
sole B, spiuiericus larvicide ro^sccrcd in the Uniicd States is 
Vectolex (strain 2362; Abbou Laboratories, Noith Chicago. 
DL). 

Concerns about tbe human safety of larvlcides r/iniaining B. 
sphoericus have been raised by Dii^on (6) and Drobnicw^fci (7V 
based on several reports of fatal human infecrions (2^ 3, 7, 10). 
However, the role played by B. sphaericus in these fatalities is 
questionable. First, in all cases, die DNA homology fit»up($) 
that these human isolates belonged to is unknown. Second, 
wich the exception of NCTC 11025, recovered post mortem 
from a pseudotumor of a lung (10)« these isolates were not 



* CorifiSpOodiDg authcK. Mmlizig address: 172 NDlurd Hisro^ Sur- 
vey, 607 Em Poabody Drive, Cbompaign, IL 6ld2D. Phone: (217) 
2M«5427. Fax: 333-2359. E-caail: j>ti6gel@miutinhs.uuceda. 



dcposiced in any ooHecdon; consequently, tbeir mammalian 
pafchogenid^ cannot be confirmed The importance of diis Ia$c 
point is underscored in a case reported by Allen and Wilkinson 
(2), AJchough baciUi identified as B. sphaetitus were isolated 
frora antemortem cultures of blood. Spinal fluid, and nzinfi^ 
these isolates were not patbogcnic when xnocuiated intrave- 
nously and iotiapcdtoneaUy fauo younig rabbits. 

In contrast to flic case rc^rts meatiOQcd above, the patho- 
genicuy of several isolates belonging to DNA homology group 
QA (serotypes H2a, 2b; H5a,Sbi and H25) has boon tesiadby 
die World Health Otganimtion, as ^irall as by industry. Bats^ 
eutbymic and atfaymic mice, aud rabbits wetc Cstposcd by oral 
adnuniSTtaziou; inhalation; ocuiar Iidtation; anri IniraocuiEirT 
Subcutaneous, inaaperiumeal, and invacerebral injectloa. 
Sotne of these studies also included the luog isolate NCTC 
vms. None of the isolates tested, including NCTC 11025, 
were pathogenic (4, 20, 21). Despite these safeiy srudias, it 
seems lilcely that with Increased use of microbial inytcririrtiM? 
and concomitani human exposure co these products, further 
concerns will be raised. 

The purpose of this study was to answer two questions. First, 
what is the relationship between NCTC 1 1025 and B. sphaeri- 
cus 2362? Second, can wc CTcate a unique profile or finger- 
print** for B. ^phacriois 2362, so chac it can be distinguished 
from other strains within serotype H5a; 5b, as well as other 
DNA homology groups? Here we report the utility of CPA 
analysds £61 anjswcring these queAtiopft. 

MATERIALS AND MfTCUODfi 

Sauicetoreaaiipcrdi] amd caDu^lsa IsrrtcM^l mttaics tt KHf^H^ StSa, Sb. 
Vociatai CG {^htxm LabonLTorica)i furmuhttod on comnib gnmvla, ws r> 
ccM iD 1990 uid 19S6 (set mic 1. stnio 2362. lop 2!H)67-Kl and Om-KS). 
Samples vrcrc ukco trM\ thcrto two tiftio poiio^S W cairfirni tti«l there wts no 
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ctmv^ is VecTotac dvc xo eitbcr inadvcitent or pwposefol selectfoa for cloneit 
tfa« grow beat voder Ifidttstri&l fermestatka eondltlai^ A sphcoie^ts w&c kA> 
lEi;cd from tluE Inivicide by sli&klcg thepaimlu onto btab licirt |sia&lo0 (BHD 
agar platea (Mlcto Dhg&ostles, Addkoo, 2U.) and tt^a ioMbaHag ite pUftt at 
^TC for 24 h. The foUo^ng cultarcf were obtained from the eoUectlaa of Ihe 
Pasteur Isstitalc (Farl^ ftance): SPH 68 (oinetit laicfBaijonal Poteiicy Stu. 
dard £oi scnxn 33ti2. lot BSF 247A), SOS 010 (xcfercncc ttmin for <tzalo 2362), 
605 214 (Iftohtcd froa a European }itf^cfdc» Sptttriz, 6i£aip 236^), SOS OQl 
(rcfcieac^ c troin for aerobe 5b» 1593), SOS 0Q2 (nra'm 1593-4). 
SPH &fi w reccKcd as a p<w<ler, and thiB pofwdor vaa t^UA oaio BHI afiir 
pbtca. which were incobaied as descrfbcd a^we. The oiher cultured from mo 
Pasteur iBstfniic west recdwd aa aipor&<pipfcgtiAted tlTur &tnpl The filler «lrips 
were placed onto BHI agar platea and rehTdfatod W)^ BHI brofb (Micro Dift$* 
AOCTica). Thfrplaia Wbib piCtibatetf as descrbed obove. 

fiouma oriiODUrvk|dalA4i&iiaricuctttlMrc^Tl]«eyp«!naintgr^ 
iM. aTCC 14^7, w»( rttcawAtf n a lyqphiiaed pcUct ^ 
Coitus OAlcotim (Rooknllc^ Md.). Tlic cnltiire was revived by nupendlag Ibe 
pcUot b BMltroth at 2*^: foe 24 \», and ftw ai nJ WW ftrealKd onto 
platt^, Wfait^i 'moDbtited at 2S'C for 24 h. Hie following DNA homology 
group tticMeec atnioi (agar 6la«ta) ^fuere ie««}VDd trom A. A Ymstco, Vupsm 
Polyieetmc lut'iteie and Si&ta Uqwbnity, Bbdo^nig; ATCC 7055 (rvfeicocc 
fluak Cor DNA httBology group IIBX 59^ (zofftrbqcn ttma for BKA 
homotogy gropp HI), NRS 400 (rfitei^qco «Tim ^ ONA homology ^roop TV), 
and NKS I19fi (rcfbrcocc strain for EtNA h«mtfe£y group A leopfol oC 
matorlal from each cUox wai tzaflsjeoed to BHI agar plaoM and prtrth^i ftf T ^ 
described at'f'^ 

Sowcc of bonoB Isolate. IVo cultures aft^CTC 1I02S (bohtod tro^ a taman 
bicsO wcTv received as lyophilizcd pcScts from theNatloDal OoUeetlom of T^e 
Ctiltvtr^ (Centnl PubGc HeoUh Lobotntoiy^ London, United Klngdoifli), 7^ 
eulhiTfis WBT« revM by flspending each ^aphifined pellet In BHI broth a^d 
incubating the acspec^lon at 25^ tor 4 daya. After This bicubatio^ pftr^d, 0.1 ml 
ol the BHI broth was streaked either onto trypfie soy br^tfa agar C^SA) plaitt or 
TSA platea a^lcfficotcd wici S% t^i»ep blood pbtos; Rcmd, Ifimtn. 
Kuo,) chat were then uscabansd at KCtC U025 w^x not streaked onto 
BHI agar plates boatuo of the prolonged tocobalNB m BHI broth. 

Oiker Baaiibia apodes Mcd hi «|s Mn^^ Tbe itniin gt R ^cbttponu^ 
/^tCC 23301, waa xoeeiitad (rom the Axnerican '^pe Cffltore Collection as n 
^hilized peUcL Hie cohure was revlvea by caapeodi^g tba pellet ta BHI brodi 
at 28°C for 24 h. and &ea Oa mi was itttaked onto pUica, whtdi «bz« 
i&enbacDd at 79*C. 

CFA sanplc prcpBistliiq and «iwt]nla oT daU. Siogle^oloBy tsolatoa of A 
iphoAHoti NCTC llOU and J9:, {f6t^spQrus ^vsre obtBined by tising a foar-qoad* 
rini zifcalc patte;rn and ttjon tricaterFina^ t\o^a mtonet to cither TSA or TSaB 
pIatej.Ilieseplaiesw&relnctibaiedat2irCfOf si4of 4fihinai^ri^aoc wi Qie 
sandard TSA protocol ti MIDt Corporadon (f^Jpoarie, Del), ImtiyLlly, aH of liho 
h, jphoakus snmples were incnbatnl for 24 h on TSA phtsf^ apd colOTa«4 oC 
KCrC 11025 dcffa«d from a single tyopbillzcd pelln were neobited for 40 b 
because of slow growth. In a aecwd eiQ>erime&^ HCTC 11025, donv^ trOm i 
second tj^ephtlizod poUei, and J9L jfo^ponu w^ mnbutod oi T^AB pbccs for 
4S L Colonks obtamod trom Ibtt tccood peUet of NCTC 11025 were also 
iocnbotcd ooTSA pbloi tor 4€ h to comporo beir fatty add vobes to the profiles 
erE»(o4 fKw tbo &rxt pellet 

Approsdmately 40 Co 510 mg (wet weight) of eeUa In the earfy saciopaTy pha^ 
was then haiveftcd from each pbte, and the Ihtty actda were enractod and 
i&el^ted (9, ld» 19, 24>. The ftitty add methyl cstees were Idcuidcd.viKb a 
Kewlett^kard (Avondale, Pa.) Microbml Idenlificanoa System HP Sd^SA, 
oQfisbtuig of « 5690a gu-Gqoid chromaDogmph cqa^ped a S% phenyl 
methyl atlleoae caplDaty cotoieua, a fbme io^tattoa dejifiexar, a 7673 QntQioiitic 
aampler, a 7fi73A eonvoUor, n 3a92A 'HiiegTi^, sod a He#Iet^?aQkpcd 300 
compnter- Tlie gu-Uqt4d chromalogn^h was callbmttd every Uth vi&l with a 
Hsvle^Packard coUbration staodard kit oonbining &tty odd methyl eitCA In 
0^ ml of he»ao (^tur:iTed nC9:0 to nCZ0:O phai 2 and 3 hjdroiy). A reagent 
coDtroI wsi induded vdth every tm The specks detcrminadon for each plate 
^ b9&cd » tcoltwam Q)r9Ty (TSBAwenim 3.S) developed by MIDI Cotpo- 
ntioo that compared the hitty add composition of the cxnacted ptotes to Ubary 
viTnct- A jop^mtn cpmpqtor record w« geoenW tor c«h plaU, nod we refer 
to thete records ns entries (9. 22» 24^ 27). 

PrvDU crealioD. The pheoetic relationship among isolated colonies of each 
strain was determined by using BucUdean distance. EncUdcae distance £s a 
multrnriate meaaarc of the distance benvecn vazlabtca and b caleolatcd by nstng 
the Pytbagerttan moorem (IS). We dfd not staodanlfc&e; tho valecs uaod fn our 
alculatloos bocaiue they were all In the same scale, percentage. Detdrograms 
vnm geceraiad by oaisg ibfi librnty genentioA totrvara (variloa 1) developed by 
Corpomdpn, u veil as the dosccr anabns platform h JMP (8aS Institute 
Ine., Caiy, KXL). The blcoichkal chmeKng motbod employed was ibe «t«- 
polred-group tiKthod usbg ortthmedc ovciagex (UPGM^ We began ear anak 
yxis by ehutertag entries from a single accession nsmbor or single lot of A 
tphaerleut. Bmrios thnt linked at a Pn^lrriran dktaDCeoC tal2,0 U vera cotiaidsmd 
to befonfi to 0)0 «ame Orabi, baaod tm, empirical d;tu from MIDI Oorpor^tign, 
OS well as cur cm. experteace (22^ 24). SuMequendyi theae individual onirSea 
were grooped into a new file that we refer bo as a profile. Each profile eontabic 
the Bvemge value for every CFA ide>nti&td b at least two plates. The next stage 



ci our analysis thrimi B cd the rehdonsh^ among proJUes by us^g UPOMA 
aniktysi^ Profiles that linked at a EncKdean dktapco of :^2i) Uwtaro cvondeied 
to below to Iho same strain, and profilei dint flnlud ax a EadSdnaii ^nC^of 
^IOjO tj WDce ooaoidcred to bolting n dUIbicbt spede^ based on cinpifipsldaTa 
ooVooad by MIDI Coxpomlion (22, 24^ We tM vatldaxed onr pio^ by 
ocataSnrngbinqgrasa of Qiepiimazy and second and third akOsteoQu&onC^ 
obtained from the imfirataal cotomes that «isnpr<Bftd onr pwflie^ o< iKtia »t g» 
eoettidom oC varuiion (CV) of tbe prindpal &tty add. Tho CV is qooiient 
of Ihe standard dex^atk^ t&oded by the meaiL ProOkff were oeaddered va^ 
the CV of it^ pnncrpQl btty acid was (22, 24). 

RapnAidbntty. the Tcprodudbifi^ of our mcdlu^ 
data A)r 200 aepaoio tajcctioos of the cajQbmtor mlx^ 
to IMP And deiormiaing die Eadkkan'ifistaoee at all of tbe oSbntor 
oncnet GnlKd togpQicr. We^so cnliated Ac tcprododfaifi^ of thm method ^ 
compaTlog 10 pUv* <^NCXC 1L02S obtained from the aeeond ^loplialittd pdlst 
Cwcpbaled n 26rc for 46 h on TSi^ to oar pcofltaa (ot KCXC U625 that were 
ttoat&d frofn Qto Srct lyo|4u&zed poDoL 

Ooa(p«rt»a« M prnMa Cor KCTC 11125 mA «4ail4$ ttui«C«re ti4pcs. Ibe 
flVw vakM tor ooT JKriC 11025 pro&es wesc eofl^aced to leahiei 
Kdiapto (110 lor i&e£oeu»B*o(ttB. Am Oftfaxa omtsii^ 
those otfK dBttpfc rwaacrcanodL The ptoetio vdateodupsinllUnthfaanof dam 
between NCTC 11025 and ether spetias of bdicill: »e«v caledatcd by asmg the 
dtislcrasfitysispffl|gr&m te JMP.lVtypoitrakiof iho^oeitt sa this dpfabtse 
closest to NCTC iltCtS woa taken <Atsbcd from Cio AjpsricBq Tsp^ Cttoe 
CoIlectiotL Single ooiomey of this ^sonfai were lu^afiod and iaeeibalMt aad 
dicir Cf Ac were eortncted u dacdbed above Hntiica fdr TbA ooMq were 
grot^^ inio pro^ u deco^xd obme^ The Pudlrtean dbtance benraaq NCTC 
11025 and tbJs nnw JDocflby fpoda was calmbted to detcrmfse tf i^dC 1102S 
beiODga to fhv Other tpedea. 

MsnrtMu or piAtti «i«bne4. T^ handred sB^-«cvcii plates 
study ID creatft profiles a^ tMloiv: 5^ plates of >1CIC 11025, U phpu of S05 
Old l3pb>fe« of Vectokx 1995. Upbtesof Vcctoka 1690, Id {dates oe$05214» 
29pUtea«(SPHSS,9[dstcsof50SOOl,14platoofSQSQQ2,l5p1awofATCC 
14577, 15 plata of NBS 592, Itf platBs of NRS 4Q(^ 14 phtea of ATOC TOjblU 
ptatas qCKBS 1198, tad 9 pastes of A ^obt^poni. ^MSp)oc9«pte»weR m 
on ce^a^ daaev to hf ffHjgPUfhyi 

CroiKh «r NCTC UfOS ttt ■aipbPlQClcat dctarlpOoik NdC UtOS wan 
sueaked op TSAB pVles ud iacBbatod acmbkaUty u 2S\3 for 9 days. S5do 
were iiMMlfn Gram svtwif?fl, and dtoq ttualped viOi a conqKnind Bslaoscppc 

Descr^ttivc etudfitjcs. NCTC 11025 was gram positive aod 
bad pntndrity suaigfat xoda, vnih oocasioiia] serpeoiiAe tons. 
Spores were spherical and terminal wittl btilgin^ of ibc spo- 
rangia. Colonies were soft; vp\o7 mm in dimeter. 

The identides of the fatty adds preseni in the profiles of B, 
aphaericus zxA NCTC 11025 incubated on TSA plates and then- 
mean percent compostttofi aad CV are z^oried in Table 1. 
Fifteen fatty acids were used in this analysis. Four fai^ acids 
(ilSiO, al5D, 16a u7 alcohol, and il6:0) acootmted for approz- 
nnai£^ 60% of Ih& total &ny add compasitiQa of die cyto- 
plasmic membrape. One toy ackl (il5:l at 5) appeared at 
trace levels, £0.32%, Or was lacking in tbe plates analyzed. 
Another fany add oouM not he resolved and is eifber an il7;l 
I or an al7:l B fatty acid; this far^ acid was idenUaod as 
summed feature 5 in our printout. The only isolaie that oould 
not be identified by the MIDI Ooipoiaiion TSA database was 
NCTC 11025, 

NCTC 11025 differed irm a|] of the other A spkaeriau 
straios examined that were grovn on TSA in both be identny 
of its primary fatty add (al5:0 rather than iX5:0) and its lock of 
two secondary fatty adds oommon to all of the other strains, 
il7:l wlOc and il7K). The percent composition of the 16:1 <o7 
alcohol fat^ acid in NCTC U02S was also notioeably lower. 

When NCTC 11025 ^as incubated on TSAB, an additional 
Hiree fatty adds wete pteseot in the cytoplaamic membrane 
(Table 2). These fany adds were 14:0, il7:l o>Sc, and 18:0 and 
together comprised 2.73% of the fatiy Adds identifi^ The 
fatty add idencified as summed fbaiure 5 was missing. 

Pktkfik crt^ion, NCTC 11025 and ATCC 14577 were po^- 
typic and contained two strains each based on our analysis, lie 
profile for the predominant strain in eadi isolaie was desig- 
nated A and the profile for the secondary sctain was designaM 
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FIG. L lJFOMAcfia<urdeqdr^gi;uQd«{»c;mf theiclslioB^^ 
£lcs «f A ipha^rifCui doriwctf from pxdAc Cfftenc colkcdoiu, laborauMy MDse- 
tloni, &ad a oemiiicffcAHy ptodnted nmi^te kTvidd«^ Veciolex. TUs dcadr^ 
created ^th the dtutcr pl&tfonn «t JMI* {SA5 Imtitute). 



a NCTC U025-A accounted for 72.79& (34 of 43) of the plawa 
analy2ed, and ATCC 14577-A accoumed for 86.7% (15 of IS) 
of tfee plores analyzed, Botii strains in NCtC 11025 formed a 
duster at a EudideaQ djsiaoce of 17 U, and both strains in 
aTOC 14577 £Dnned a clusier at a Eudide an distance of Al U. 

A den^togram depicting the relationsMp between all of our 
prolilee derived TSA is shown in Rfi. 1, The profiles feu 
into two groups. The me^'or group contained all isolates exoepr 
NCTC 11025. These profiles linked together inside a Eudid- 
ean distance of 205 U. The minor group consisted of the two 
profiles of NCTC 11025. The NCTC 11025 profiles linked 
to^dier at a Euclidean distance of Z7 U and linked to the 
other profiles at a Euclidean distance of 83.8 U. These dis- 
tances indicate thai NCTC 1102S is not£. sphaericus. 

Compariiioii between NCTC 11025 and ghlnspenn^ B, 
gltibisporus was poly^ic when incubated on TSAB for 48 h. 
The profile for the predotuinant strain wos designated A, and 
the profiles £or ch^ secondary strains were designated B, C, D, 
and E B, ghbispoiui A accounted for 714% (21 of 29) of the 
plates, and B, giobisporus B through £ accounted for 2 plates 
eadv NCTC 11025 was mono^ic ut^er these conditions (16 
plates) (Table 2). When the B, globispcius profiles were com-r 
pared to that of NCTC 11025, the i^, gle>biq>orus profiles lioked 
together at a Euclidean distance of 5*9 U and lii^ed to NCTC 
11025 at a distance of 16.3 U, These distances indicate that 
although NCTC 11025 is Qot B. ^obtspfirw^ it is more similar 
to B. glcbispoms than to B. sphaericus. 

Reproducibility of the method. Of the 200 cah^Traior entries, 
180 linlced together inside a Euclidean distance of 0.1 U. All of 
the entries linked together inside a Euclidean distance of 0.5 
U. The 10 plates obtained from tbe second lyophil^ed pellet of 
NCTC 11025 were identified hy our NCTC 11025-A profile 
wiih similarity values of >0.G. Those samples were tlieo incof' 
poratcd into the NCTC 11Q25-A profile. 

DISCUSSION 

Kancda (12, 13) was the first to state that ir is possible to 
create fingerprints of the genus BaciUus by usmg CPA anatysis. 
The genus could be divided into major and minor groups based 
on the ratio of two fatty acids, il5:0 and alf.-O. The al5:0 fany 
acid, 12-methyltetradecanoic acid, is the predominant fsxty 
acid in the mc^'or group, and the il5:0 fiitty acid, 13-metbyltet' 
rodecanoic acid, is the predominant fatiy acid iu the minor 
group. Other researchers have confirmed this finding (8, 9, 19, 
22, 24, 25). More recently, Klmpfer (11) studied the faity acid 
patterns cf 313 BocUka strains and Frachon et al. (9) examined 
114 straits of B. qihaejiods by using this technique. These 



researchers reported thai in every strain anal^ed, tbe il5:0 
^tty acid predominated in B, sj^xaoieua. Tie samples we an* 
alyzed (Table 1) are in agreement with Ifae^e Mngs, except 
fiir NCTC 11025. The predominafif^, of the dl5:0 fatty acid in 
NCTC 11025 indicates that tt was mcotrcctly identified as B. 
sphacnaa by Isaacson et aL (10). 

We evaluated the possibili^ that the prcdonunaQce of the 
al5:0 fury add ip NCTC 11025 was an artifaa doe a longer 
incubanon time by analyang addi^onal plates of B. sphattkut 
2362 (obtained ficom Vecrotes) ino&aied on TSA plates tor 
192 h ai Hiere ^ no towivd production of the 
al5:0 ^tiy wad; m fact, there W a S% increase in tbe pei^ 
centage of the il5;0 &r^. We coodude thai the predominance 
of the al5:0 &tty acid in NCTC 11025 was not due to pro- 
longed inoibation. We also considered ttie poesMity thai the 
distant linkage of NCTC 11825 to tbe other profiles was de- 
pendent on the du&tering algoridnn osed. We also calcolased 
Eudidcan distance between profiles tfy usmg Oenuold, 
Complete linkage^ Single linkage, and Ward's dusienug al- 
gorithma. In every instance, the NCTC 11025 piofiles linked t?Q 
the other profiles at Eudidcan distances of >72 U. 

When we incorporased the values of Kampfer (11) into our 
act of data, B, ^obkpoms Unked to NCTC 11025 ai a Euc&dean 
distance of X0.3 U. Since this linkage occurred at the spedes 
boundary empiricany derived hy MIDI Corporatioii, we de- 
cided to examine tbe relationahip between NCTC 11025 aad£. 
ghbisporus by using our own profiles. This was neccasaiy to 
standardize the growth medium and incubadon dme, both of 
which aSect the identity and percentage composiiiQn of the 
fatty adds in the <ytoptasouc membrano (13, 15, 21, 23). In 
addition, we were interested in detenmning if NCTC 11025 
would still differ ^m B, sphAejieus when grown on a medium 
commonly used in dinicol diagnostic laboratories. NCTC 
11025 was distinct from B. giobi^orus and remained uniden- 
tified; The al5K) fatty acid still predomindiod. 

We do not believe that our findings of heterogeoeiiy in 
NCTC 11025, ATOC 14574, and ATCC 23301 indicate a prob- 
lem with the reproducvbiliiy of CPA analysis. Our data for 200 
separate injections Of die calibrator (17 fatty adds) Hnked 
ituide our empirically derived strain boundary of 10 Eudidean 
distance um'ts. Our CV fbr tbe fiany adds in the calibrator 
ranged fioom 0^ to 1^, We condude that the observed hcter- 
ogenei^ wa3 not an artifact. Peziu^ the samples selected for 
culture were mixed from the begiiming arid several donal pop- 
ulations were then maintained in culture. Alternatively, the 
isolates selected for ATOC 14574. ATOC 23301, and NCTC 
11025 may have ioinally been single oolooies that subsequently 
mutated, Ii is di^cult to reconcile our findings for these three 
samples with tbe standard defim'tion of a straiti, Le^ *^e de- 
scendants of a single isolation in pure culture and usually coade 
up of a succession of cultures ultimately derived from an initial 
single colony^ (26). Our data suggest caution is warranted 
when ona^zing materia] obtain^ from culttire collections, but 
these findings do not a&xt our condusion that NCTC IIC^ is 
not B, sphaerictu. 

There has been an evoluiton in the uso of CPA analysis, as 
technological advances hwe enabled large sets of data lo t>o 
analyzed Kaneda (12. 13) concentrated on the il5:0/al5;0 fany 
add ratio in the genus BaciUus and ignored aH of the other 
fatty adds. E^aard et al. (B) utilized all of the fatty adds 
identified but did not use the siaiisticol technique of duster 
analysis. Kampfer (11) utilized all of the fisuty adds identified 
aud employed UPO^^ dustering techniques but cccoted pro- 
filer with unacceptable variatioA (as high aa 49%) bsr tbe pre* 
dominant fatty add. Erachon et al. (9) and Schenkal et al. (18) 
used methods that appro^dmate ours but did not specify 
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whether their fatty A<^d extracts came from singlc-coloDy iso- 
laxea and also did not report the CV for the primaxy fmy acid, 
^e believe ihar our approach lo profile creaiion is unique and 
thai ihc todiiuque of GFA aaalysis Im the greaieijt power of 
discriininatioii when a single coloi](y is streaked per plate and 
the data are clustered by using hierarchical UPQMA analysis. 

In summary, NCTC 11025 was mtsidenii&ed d&B. sphaericus. 
If the concerns raised by Dimn (6) aiid Dtrobniewslci (7) are 
based on the case report of Isaacson et aj. (10), then they are 
unwairanied. We aoi;e that NCTC 11025 underwent mamma- 
lian safety testing and was not parhofienic (20), yet neither 
author cited the relevant report Assessment of thesigpoi^cadoe 
of the other case reports of B, sphaericus infccdons in humans 
is complicated by our inability to obtain these clinical isolates. 

CPA analysis was a vscfixi tool that successfiiUy disitth 
guished amongjl?. spfmeriaa DNA homology groops, afi well as 
strains within a serotype. If B, tphaericus is isolated from hn* 
mans in the future, it is possible, by using CPA cbaracteriza- 
cipD, to compare the new isolate(fi) to our existing profiles for 
strain 2362. We believe that this technique is also applicable to 
other species of bacteria that are used as insecticj^ or fun- 
gicides. 
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A major area of research in microbial 
characterization has been the devel- 
opment of molecular methods for genotyp- 
ing organisms. Genotypic methods can be 
highly specific and sensitive and are largely 
independent of the physiological or growth 
state of the organism. 

Ribotyping, a molecular method based on 
the analysis of restriction fragment length 
polymorphisms (RFLPs) of ribosomal RNA 
genes, has been widely adopted to distin- 
guish a variety of bacteria (1-5). For the past 
five years ATCC has been using the Ribo- 
Printer® Microbial Characterization system 
(Qualicon Inc., Wilmington, DE) as a primary 
method for characterizing strains during 
the quality control process. 

The RiboPrinter is a molecular workstation 
that performs a restriction digest (using 



EcoRl or other restriction enzymes) 
of the chromosomal DN A, separates 
the restriction fragments by gel elec- 
trophoresis, and simultaneously blots 
the DNA fragments to a membrane 
which is used for Southern blot anal- 
ysis. Restriction digest fragments are 
hybridized to a bacterial probe that 
is based on the conserved regions 
of the genes for the ribosomal DNA 
operon.The result is a DNA fingerprint 
which is strain specific. Each fingerprint 
is stored in a database so it can be 
accessed for future comparisons and 
identifications. 

We routinely use the RiboPrinter 
system in several steps of our quality 
control and authentication process for 
bacterial cultures. Ribotyping is per- 

continues on page4l>t> 



ATCC Antibiotic Mix for Establishing 
Primary Cultures and Cell Lines 

Ariane Thompson, Yvonne Reid, Ph.D., and Deborah Polayes, Ph.D., ATCC 



Primary cellular material, especially epi- 
dermis, often contains bacteria and 
fungi that must be removed to ensure suc- 
cessful establishment of a new cell line. 
ATCC has developed Antibiotic Mix (catalog 
no. 30-2306) for use in generating primary 
cell lines, and it has been used extensively 
at ATCC in the preparation of primary fibro- 
blasts (Table 1). 

Preparation of primary cells and subse- 
quent cell line establishment at ATCC follow 
the procedures described in Culture of 
Animal Cells, 4th ed,, by R.I. Freshney (New 
York:Wiley-Liss; 2000). Adding an antibiotic 



mix greatly decreases the incidence of 
microbial contamination and increases 
your chance of establishing pure cell 
cultures. 

Protocols for establishing cell cultures 
(including the dissociation enzymes, 
volume and type of medium, centrif- 
ugation times, and amount of antibi- 
otic mix) vary significantly depending 
on the type of cell and the quantity 
of starting material. ATCC's procedure 
for preparing primary human fibro- 

continues on page6[>t> 
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Figure 1 .Three ri bo prints of Xanthomonas oryzae 
8AA-145-The top print was from the original cul- 
ture v;hen it arrived at ATCC, the middle from a 
seed lot, and the bottom from a distribution lot 
showing no change as the strain was processed. 




formed when the culture arrives at ATCC 
and the results then become part of the 
laboratory record, DN A fingerprints from 
future seed stock and replenished mate- 
rials are compared with this original to 
ensure that the culture has not changed 
during the propagation and preservation 
processes (Figure 1).0ver the last few 
years we have tested hundreds of genera 
and species using this automated geno- 
typing method and the results indicate 
that the system is reliable and reproduc- 
ible. 

Ribotyping is very useful for authenti- 
cating fastidious organisms, which are 
often difficult to characterize by tradi- 
tional physiological methods. Ribotyping 
patterns are generated from both envi- 
ronmental strains and clinical isolates 
and the records augment our character- 
ization profiles. Since we accession many 
newly discovered and published bacte- 
ria, we do not expect the system to 
produce identification because the new 
names are not yet in the existing data- 
base. Rather we examine and archive 
the DNA fingerprint patterns to verify 
authenticity. 



Characterization and relatedness 

Recently we used the RiboPrinter system 
to survey members of the Legionellaceae 
family {6).The majority of Legionella spe- 
cies are currently typed by traditional 
serological methods. Our study, which 
included 1 1 0 strains comprising 48 
genera and 70 serogroups, showed that 
the ribotyping system works well in 
distinguishing members of this genus. 
Strains within the same species displayed 
consistent patterns even when isolated 
from a variety of sources and geographic 
locations, yet species were clearly dif- 
ferentiated. We also provided examples 
where this system could be used to iden- 
tify new isolates by comparing their pat- 
terns to those generated from known 
Legionella species. 

In another research application we used 
the Riboprinter to genotype a group of 
isolates from salt marsh sediments that 
belonged to the classes Flavobacteria 
and Sphingobacteria in the phylum Bac- 
teroidetes. These bacteria are now being 
recognized as some of the most common 
members of both marine and soil hab- 
itats, yet little is known about their 
population structure, Riboprint analysis 
showed that these strains exhibited sig- 
nificant genotypic diversity despite a 
more limited phenotypic diversity (7). 

Studying morphological variants 

Ribotyping is also very useful for resolv- 
ing problems of colony variation within 
a strain. For example, members of the 
genus Bacillus are infamous for produc- 
ing a variety of colonies types (i.e., wrin- 
kled vs. smooth). Ribotyping can confirm 
that the differing colonies originated 
from the same organism and are not con- 
taminants (Figure 2). 

Another example of the utility of this 



system is demonstrated in the analysis 
of a recent ATCC accession, Rhodospi- 
rillum indiensis BAA-36.This organism 
undergoes dramatic changes in cell mor- 
phology during aerobic growth, from spi- 
ral-shaped rods to curved short rods 
to packets of cocci, giving the appear- 
ance that the culture was contaminated 
(8). However, a repeated growth experi- 
ment coupled to analysis of the different 
growth stages by riboprinting proved 
that the different cell shapes were indeed 
the same organism (Figure 3). 

The RiboPrinter system allows the flex- 
ibility in using other restriction enzymes 
besides the standard fcoKI.Some genera 
yield better patterns with Pvull or Psri. 
Other restriction enzymes can also be 
substituted in the process. 

Careful, thorough characterization is a 
mainstay of ATCC's collection of prokary- 
otes,and ribotyping is a method that 
works with a broad range of organisms. 
Other advantages include the ease of 
operation and data analysis. The system 
requires only a single colony as inoculum 
and there are no restrictions on media 
and growth conditions.The adaptability 
and flexibility of the system make it a 
valuable part of ATCC's overall quality 
control program. 



Rough cxjlony 




Smooth colony 
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Figure 2: Riboprints of two colony variants of BaciHus 
subtif'is 60S^. 
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Figure 3. Ribotyping patterns of different cell types occurring during aerobic 
growth of Rhodospiriflum indiensis BAA-36. image A was taken after 1 to 2 
days of growth, image 8 after 3 to 4 days, and image C after 6 to 7 days- 
The accompanying riboprints show that the different morphologies are the 
same organism. 
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Identification of the 5f«p/,yococmv sciuri Species Group with 
^coRI Fragments Containing rRNA Sequences and 
Description of Staphylococcus vitulus sp. nov 

^, '■ "~^S"ar,Jzr»iij=.'!?ss^- ^^^^^ 

Strains of a new species, Staphylococcus vitulus. were i«iiP.><.H r ^ ^ 
spec es was retoRnued „n the basis of the results ran iawlTf of mammals. IHis 

portionsoftherKNAoperons. The patterns ufhvbridizcX«o^^^^^ '^en»s containing 

.axon were sorted into a distins'uishabTSst '^0/"^ SScT 

SryiytoMca« ir.«n patterns. The r*sul,s«fDNA-DNAbybrid^^^^^^ J ito/'Aj-iococcw /mm and 

th.s cluster were more closely related to S. Untus and slSh^ .n .h c I that strains in 

significantly different. While these strains haTsome ofTe nhrni^ '>tber Staphylococcus species and yet were 
group, the newly recognized taxon could l!^^Si Sihed by Us S^" smX'';"*"" 'S' "P-^"" 
alkalme phosphatase activity, and lack of acid vrliuZm rL^^!^^^ ^ "^ar, absence of 

o-mannose, a«l raifinose. The type strain oflLTSZ^7:,^r^ -fo^y-^^^^inc.s.„.-,^^ 



A general method for distinguishing bacterial species by 
using restnction fragments containing portions of their rRNA 
operons has been described previously (12. 26 31) This 
method has been applied to the genus Staphylococcus (8 9 29) 
and recently was recommended as a way to distinguish a newly 
described staphylococcus from previously described taxa (7) 

In this study the elcctrophoretic patterns of restriction 
fragmen s labeled by hybridization with an rRNA operon from 
Escherichia CO i were used to characterize organisms boIoiminE 
to Staphylococcus sciwi species group. When the paUcrns 
were sorted on the basis of similarity by using correlation 
values, clustere of strains identified as S. sciuri and Staphylo^ 
coccus lemus were formed. We also distinguished another 
duster^oif novobiocin-rcsistant. oxidase-positive staphylococci. 
This third taxon and its relationship to the 5. sciuri specks 
group are descnbed in this paper, 

MATERULS AND METHODS 
BactemI stnuDs. In this study, strains were identified by 
their DuPont numbers. Table 1 shows the strains which we 
studied, other designations of some strains, the species or 
subspecies to which each strain belongs, and the source of each 
strain. 

Characuristic dctennlnatiou. The following characteristics 
were detennioed as prcvioosly described (18 19 21 22V 
colony mofphotogy and pigment, motility, anaerlibic'grwl-th iii 
lhio|lj«otate biwh, catalasc activity, acetylmethylcarbinol 
(acetom) production, nitrate reduction, tube coaguiase activ- 
ity, clumping factor, hemolysis of bovine blood, carbohydrate 
reactions, and sosoeptibility to various antibiotics. Clumping 
factor and piotcm A were detected with a Staph Utex kit 
(lUmei Kans.). The oxidase test was performed by 

usmg a Microdase dak (Remd) (10). Pyrrolidonyl aiylamidaS 
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actmty wa.s determined by using the Pyr broth and Pyr reagent 

Scn.f^'^"'"^'' '^'"°'""'"8i«"* (Stone .Mcuntain. Ga 
hn idcntihcation of group A stn:ptococci and cntcrococd (]3) 
Esculm hydrolysis was determined on Aesculin a^ar 
Sc^ rborough Microbiologicals). Hcat-stablc nuclci^c aciTv ,y 
was analyzed by using thcrmonuclcasc agar supplemented w th 

tSn^n"' -^?'^'"''.'^ 'he malfactu er-s £ 

.stnictions. Ornithine decarboxylase activity was determined bv 
usmg a modification of ,he .est of Moeller (25). as deS t 
the A/««.«/ „/ Clinical Microbiology (18). Alkaline pho^ 
Phatase, urease, p-galactosida.sc. p-gluc-osida.se. and p-C- 
uronidase activities and arginlne utilization were analj^ bv 
h3""'/w f APH-IDENT system (bio-Merieux'^tek 
Hazclwood^ Mo.). Additional biochemlKd profile data were 
obtained by using the STAPH Trac system (bio-Merieu^ 

DNA-DNA hybridiiatibn. DNA was isolated and nurified bv 
using the procedures of Brenner and coworkers (5)"^ as moi'^ 
S Wolfshohl (23). DNA-DNA hybrfdi^dJn 

reactions were performed under stringent (70«C) and optima" 
(55 C) conditions, and single- and double-strandcd D^ 
rhrereK^vbL"'",? '"^ P"^''"- fo? detm^iSi^ 

weS is?" ■ Pro^oi"^ Cells from 3 ml of broth 
Ti 'y*"* 10 ">M Tris-HQ-lO mM sodium 

chloride-50 mM EDTA (pH 8.0) by sequential y atidinSZ 
of /V-acetylmuramidase, 600 ^g of ly^ozyme 25 U of IviJf 
staphin, and 10 U of RNase (total volumTTO S) FoHoS 
mcubation, 800 of aehromopeptidase inW ^1 2f wateTwaf 
added. After a second incubation, 126 ^1 of a 10% Sm 
dodecyl sul ate (SDS) solution and 1.26 mg of proVeiSl K 
concentration, 10 mg/ml) were added. The genom^DNAta^ 

pTeSatt^'S DiT'"™^^^^^^ T™"'^" "^aTo 
precipitation. The DNA was digested to completion with 

Patterns: electrophoresis, transfer, denaturatlon and in/ 
««.ss-llnklng. n,e DNA fragments w^re separwed "V eStro 
phoresis in a 0.8% agarose gel in a minig'el appaSuL ^i?; 
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TAULU I, Staphylococcus strains used, species designations, and sources of strains 



Strain" 



Oul'unl mt. 


Kluis no. 


Other designation 






; 

ATCC 5 1145"' 


\)0 763 




ATCC511A2'' 


■ t\} f\\n 






■ *l) 771 




ATCX:5]163" 


\ •{} nil 






|>|) 852' 


fiHI37' 


ATCC2W74' 


DO S53 ' 
DD »S54 ' 




ATCC4395K' 


SC21t)'' 


ATCC 35539 ' 


OD 857' 
OD 863 ' 


ATCC 43959' 




ATCC]26(K)' 


DD 864 ' 




ATCC 14990' 


DD 866' 




ATCC 15305' 


DD 869 


KLI62' 


ATCC 29971' 


DD 871' 




ATHC j11Q<7'1' 

j\ 1 4 jyj / 


DD 1078 . 




CFDRAMDW58 


; )D 4201 


OA542 




i)D 4202 


K-IS 




DD 4203 '' 


K-2r' 


ATCC 29070 ' 


DD 4204 


K-6 




DD 4277 '" 


SC 11 6'*" 


ATCC 29062 '' 


DD 4522 


H4F28 


DD 4523 . 


V51 


ATCC 51161" 


DD 4524 


VE 2 


DD 4525 


VE 15 




DD 4535 


RMn2 




DD 4751 


BH2 




DD 4756 


BT12 




DD 4753 


VE23 




DD 5310 


nC5F4 




DD (Am 


TT4ml 




DD 6()65 


GMWgl2 





IJiictcrta) species or 
subspecies 



.V. vitulits 
S, viiulm 
S. vitulux 
S. vitulus 
S. scitni 

S. coiuu'i subsp. cofm,i 

S. ei.Komm 

,V. fiailinarum 

S. idoosii 

.V. aureux 

S. cpidermidis 

.S. sapmphyticus 

.V. xyiosux 

S. arleuae 

S. vitulus 

S. leruus 

S. lentus 

S. lentus 

S. lentus 

S, sciuri 

S. vitulus 

S, i'iuitus 

S. vimlus 

S. vitulus 

S. sciuri 

S. sciuri 

S. sciuri 

S. vituius 

S. lentus 

S. lentus 

S. vituius 



^^i^f M.^'"''^""" J^P' ^"*=*-*!'""' Rt'cl'viilc. Md.; CFDKA. Campden Food and Drink Kc«areh Association Campden 

Thui siram wu« submuicd to the Amcnean Type Culture Oitlection during preparation of the manuscript ^ni^cn. 



(Jround lamb 
Processed chicken 
IJecf. ground chuck 
Hccf, ground chuck 
Veal leg, sliced 
i luman 
I lorsc 
I'ouUry 

lias tern gray squirrel 

Human 

Human 

Human 

Human 

Poultry 

Minced beef 

Domestic sheep 

Dairy goat 

Dairy goal 

Dairy goat 

Eastern gray squirrel 

Yearling horse 

Pine vole 

Kaw veal trimmings 
Raw veal trimmings 
Black rat 
Beef head 
Beef trimmings 
Raw veal trimmings 
Beef cattle 
BotUenase dolphin 
Pilot whale 

United Kingdom. 



separated DNA fragments were transferred from the agaro.se 
gel to a nylon membrane (type NT4HY; Micron Separations, 
Westborough, Mass.). The DNA was then denatured, and the 
membrane was dried. The DNA was cross-linked to the nylon 
membrane by using UV light. 

patterns: probe preparation, hybndization, and detection. 
A plasmid containing the rRNA opcron (rmB) from £ cati (6) 
was linearized withl^coRI and labeled by using a sulfonation 
reaction (30). 

The hybridization cocktail contained 125 p.g of sonicated 
and denatured salmon sperm DNA per ml, 0.5 M sodium 
chionde, .and 1% SDS. For each membrane. 1.5 jtg of the 
sulfonated DNA was denatured and combined with 6 ml of 
hybridization cocktail. After overnight hybridization at 66X. 
the membrane was washed with a 0.5 M sodium chloride-l% 
SDS solution at ^e^C before it was dried. 

The modified DNA probe was detected by using a conjugate 
consisting of. ami-sulfonated DNA monoclonal antibody and 
alkaline phosphatase (15. 16). The monoclonal antibody (Or- 
genics, Yavnc. Israel) was. activated with A^-^uccinimidyI-4- 
(/V- maleimidemethy!)cyclohexane - 1 - carbo;^late. Sulfhydryl 
groups were aeated on the alkaline phosphatase by using 
^-succinimidyl-S-acetylthiacetate and were deprotected with 
hydroxylamine. Conjugation of monoclonal antibody-maleim- 
ide with alkaline phosphatase containing sulfhydryl groups was 
accomplished by incubating the preparation in the dark. The 
conjugate was purified on a Zorbax GF-250 column. 

Aftex: treatment with blocking buffer (30 g of skifn milk 
powder [Difco Uboratories, Detroit, Mich.j^per lOO ml of 25 



mM NaCl-50 mM Tris-HCI (pH 7.5J-I mM EDTA-0.3% 
Tween 20) and with the conjugate solution, the membrane was 
washed with assay buffer (50 mM sodium bicarbonate-carbon- 
ate, I mM magnesium chloride; pH 9.5). After the final wash 
fluid was decanted, 20 ml of assay buffer and 220 ^1 of 
chemiluminesccnt .substrate solution PPD (10 mg/ml; Lumi- 
gen, Detroit, Mich.) were added to each membrane prepara- 
tion. The membrane was removed from the solution, dried, 
and attached to a plastic frame, and chemiluminesccnt images 
were recorded electronically by using a high-sensitivity, super- 
cooled Star One camera (Photometries, Tucson, Ariz.) in a 
dark environment. The images were stored on a Macintosh Ilci 
computer (Apple Computer, Cupertino, Calif.). 

Patterns: data processing. For each membrane image, the 
software located the lane positions, reduced the background 
and noise, scaled each lane's image intensity, and used the data 
from the lanes containing DNA standards of known sizes to 
normalize the band positions. The normalized position and 
intensity profile for each lane, referred to as a pattern, was 
then stored as an individual record consisting of 512 bytes in a 
data base. 

Additional custom software based on the method of Hubrier 
(14) was used to analyze the levels of correlation between pairs 
of patterns. This software used the 512 intensity values for each 
lane as coordinates in a Euclidean. 512-dimensional space. 
Each pattern represented a single point in the 512-dimensional 
space. Each pair of patterns was compared by measuring the 
angle between the pau- of lines constructed from the origin of 
the 512-dimensional; space to each of the two points created 
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KcsuUs of hybridization of siiiphvl(K:<iLt--ii t^MA ■ ^. . . 



*NT.J. Svvr. l)A(-n.:Rto)„ 




S. sviuri 
S. Icntus 
S. sapmphyticus 
S. cohnii subsp. cohnii 
S. xyhsiis 
S. kiwmi 
5. equorum 
S, uHettac 
S. galUnarum 



unity (o„S Wh,lc fhc c^rS^^^T^^^L 

Cell wall analysis. Staphylococci were grown to 4he sia,i„„ 
Zteon^f (P*^' ' o»Cc )■ 

.he p..^ration with gla..s beads, a-ii IX^^pu St 
4% SpS by using the procedures of Glauncr c? a mT „ 
determmc pcpiidoglycan composition and teSio c acidi Ur 
total am.no acid analysis cell walk purified wi?^^SD^„-cr. 
hydrolyzed with 4 N HQ for 16 h at lOf .7 , f 
a^nd a„,ino suga« wei^^'ILS^l^d^,' ^g f " 
LC600I ammo acid analyzer (BkMronik U-L^Trt } 



RESULTS AND DISCUSSION 

lypcs and between 5. vimlT^nl ^^CJl^'^"'''''^''''"' 
are shown in Table 2 !>taphylococcus specias 

oplra,a^'^?5"T.„K^^^^^ performed under 

strains exhibited n:Iati'^y S iSif if dna ""'^ "f"'*" 
i 6% at 55°C and 82% " 4% 3^7^^^^^. 
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1 




1 




tl 


il 


1 


11 


<1 


1 


11 


1 


il 


1 


;l 
1 


1 




1 


1 


u 






1 




1 




• 


11.8 




5.0 



3.0 2.3 



y vilulus 
S. sciuri 



S. sviuri 
S, sciuri 



5. sciuri 
S. sciuri 



S. sciuri 
S. sciuri 



1.4 



kbp 



h'Kj ]. lEIccimnically recorded image of a mcmbnine containing 
hcolU fragments hybridized wiih a pla.smid containing the rntiJ rUNA 
liperon of coli. 



corrcci for lH)lh lanc-tD-laiic and gcl-lo-gcl variations in band 
position, 

A processed image of some of the patterns determined 
during this study is shown in Fig. 2. The displayed width of 
w-ach lane pattern wds arbitrarily chosen for Fig The 
patterns were arranged to maximize the squared a)rrelatii>n 
valtjes for udjacent patterns in the display. This sorting re- 
vealed that the .V. vituius patterns were most similar to the .V 
lenuLs and .V. sciuri patterns and were different from the 
patterns obtained with the more than 20() other species in our 
data base. S vitalus, S. lentus, and .V. sciuri could be differcn- 
tiated by their patterns either by visually eomparinu the 
patterns or by computer analysis. 

Visually, the qualitative differences among the patterns of 
the three species were obvious. The 5, vitulus patterns revealed 
sets of conserved, frequently occurring restriction fragments 
that were found in different strains of 5. vitulus but were not 
cdnserved as a group in strains of other species. 

Patterns that were identical (within the reproducibility of the 
rncthod) were considered members of the same pattern type 
Multiple strains belonging to the same species could have the 
same pattern type. Each pattern type was named after the 
lowest-numbered DuPoni strain that produced that type of 
pattern. The II 5. vitulus strains examined produced four 
distinguishable types of patterns, dd 756, dd 771, dd 4522, and 

Computer analysis provided a way to measure the levels of 
similarity of the patterns by using the squared correlation 
values.obtaincd from the 512-dimensional space. All of the S 
ntulus patterns of the same pattern type (for example, dd 756) 
had squared correlation values with each other that were 
greater than. 0.85. When each of the four S. vUulus pattern 
types with was correlated with its nearest 5. vitulus neighbors in 
J-ig. 2, the squared correlatioii values ranged from 0.71 to 0 79 
NoS. vitulus pattern had a squared correlation value with any 
^. lentus pattern that was greater than 0.56 or a squared 
maJToir "^'^^ """^ ^' was greater 

Figures 3 and 4 show two-dimensional representations of the 
M2-dimensionaI space. The patterns of more than 5,500 
strains,.includmg members of approximatel>t200 species, were 




FIG. 2. Patterns of l-coRl fnigmcnts containing rRNA sequences 
derived from image data. The image data for each lane were processed to 
normalize band positions relative to standards, to reduce background, and 
to saile ihc band intcasily. The pattern numbcn; arc shown on the left, 
and the species names arc shown on the right 



each defined by a single labeled point in Fig. 3 and 4. In each 
hgurc, the squared correlation values with the two reference 
patterns defined the two dimensions. For Fig. 3 we used the 
nomenclatural type strain of S. lentus. DD 4203, and the 
nomenciatural type strain of S, vitulus, DD 756, as the refer- 
ence strains. For Fig: 4 we used the nomenclatural type strain 
ot A. vitulus, DD 756, and the nomenclatural type strain of 5. 
scum DD 4277, as the reference strains. In these two-dimen- 
sional representations, the visual distinctions between the 
unique .V. vitulus cluster and the other species tested are 
relatively clear. Clusters of points surrounding the reference 
strains are clearly identified by those reference strains. 

Using the complete 512-dimensional-space analysis and the 
corresponding correlation values, we could clearly distinguish 
between 5. vitulus and all of the other species tested. An 
organism could be identified as a member of 5. vitulus by the 
squared correlation value of its pattern obtained from the 
512-dimensional.space analysis, even if the pattern did not 
exactly match one of the pattern types associated withs5. 
vitulus. In this study, squared pattern correlation values greater 
than 0.71 appeared to be strong evidence that strains belonjsed 
to the same species. 

Cell wall peptidoglycan and teicholc acid. We also deter- 
mined the peptidoglycan compositions of 5, vitulus DD IS^ CV 
= type strain), DD 771, and DD 4523, 5. lentus DD 4202, 5 
sciun DD 4277 \ and Staphylococcus aureus DD 863"^ The 
peptidoglycan of 5. vitulus strains is type L-Lys-t-AIa-Gly3 3 ^ 
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Staphylococcus fentus 




Stop/iy/ococcus vitutus 





'fsphyiococcus vitutus 



S. utuU^ DD 756' fo define the Z^JSI' ^"^ °° 
placed .n the appropriate I.K:"ii,~rr S ^ 

'ype « also present i„ 

tosaminc; and strain Kss S 
substituted at a low level wfth AT ac^M.f '^'"''•"'^ 
DNA base compositim,^. » 

Plu-s^osine content o? M^i^VoD °J,^"' ""w" i?"^^ 8'"'"'"<=- 
mol%; and the 5 sciuiilnd \ , ^' "523 is 35 

cytosine contents are'^eeJrJaSt ""^.^ guaninc-plus- 
Description otStaphfh^^ , ^ (20). 

.han 3 ™. in diameter w^K^S^ 



Colony diam. of mm nn P aijar 
Cc>|(,ny pigment ^ 
Ji-f ilucosidasc aclivity" 
Nitrate reduction 
ENCulin hydrolysis 
Clumping factor: 

Standard slide lest 

^yh Latex kit (Rcmel/' 

o-Xylosc 
»>-Cclbbiosc 
Salicin 
i>-Ribo.se 



- 



lO/M 
10/11 

lO/il 

7/1 1(1/1 1 y 
0/11(2/11) 

y/n(2/u) 

0/11(4/11) 
7/11(1/11) 

2/n(i/ii) 
i/n(2/ii) 

9/11(2/11) 



yi 

H2 

yi 

64 (vy 

0(18) 
82(18) 

0 (36) 
64(9) 
18(9) 

nm 

82(18) 



Srap/iy/ococcus scion 



ui a two-dimensioiial representaJ^^ «l»ce a„d depicting the points 

placed in the appropriate lo«S^^fo™T": '""i" """-ber is 
for approximately 5^50 mo"' °" 

'Sng to ZOO species are shown. 



. ' Weak p,xM,jvc n:S"„; J "? DO 



calJy on P agar (18) at l^^r r-^i • 

raised with ulcc4.citegi,,^'°"'« P agar are usually 
have .sectored or irregular cdgcr 10 ^f^^ 'lP''''"''- ""1 
produce crean, to yeUr^^^J^Son h ' "'""ied 
unptgijiented colonies. CdonTe, l^ow^' ' P^^d-'es 
™ch larger (8 to 12 mm n diamS Z ""^ "S^^ are 
colonies grown on P agar ^'^""""'^ ''"d "ot as irregular as 

•He and none of 

organisms do not ETownno^^K-. . '^^ ""ot'lc, and the 
agar. However. Ih^^hiKS/" '"''"^'ycofa 

carboxylase, urease, pES' t'^'^'J'^'^' ornithine de' 
"vties. arginine utili^tH " nd^^^^'. P-8«!a«osidase ac- 
are negative for aerobic pr^uctfo^ 7 ""i"* 
substrates: manrwjse. la«me «L°/ «he foll^ 
rhamnose. turanose. arabin^ Sho^v'"*'''^"'"- '^"to'^ 
and raffinose. AJI•st^i„s are^£^^;''-»«««y'8'"cosam 
of acid from glucose and manXi a>? . production 
catalase activity. modm,i^"a^i«^' P°««^= ^r 
•on of add from the folIowiS^uSt^.""''^'^'''"=-«»oduc. 

acid production from rSakose rS^l to 
nitrate reduction. alkaZe Dtenhr, ' '«halc«e. 
t.on. indicating that there is^ SrS 

of aU S. vUulus strains cS„Tl,,?'"'v"'^-'^*= P^^c™ 
dmrnguishable from the patte™ ft:,"^^''"^''^^^ 
wed. including all p^viouily .te^ibed i/^^A^I '""^"^ 
The speaes can be recoenLdhi VT- u^*>''°^'^species. 
wth .he pattem .ypes d'Sitn'tlS^.S' 
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mm)Oi.K.inTLMM..nl...,nla.sc-p.,s iiivi: Siaphylocuccm species" 
f-TiJirau eristic 



.V. vitulus 



Gilnny size ol rtU mm on P agar 
Anaerobic growih 
Saph Latex kit reaction 

fKcmciy 
1 icmolysis of bovine liloud 
Alkaline phosphatase activity 
(i-GJuc(»sidase activity 
Escuhn hydmlysis ' 
Acid produced aerobically fn)m: 

o-Trehalose 

oMannosc 

i>Turanosc 

p-Xylose 

i>-CX'IJobiose 

i.-Arabinose 

Maltose 

.'V-acetyl-i>glucc)samine 
Rallinosc 



.V. svturi s. htms 



d 
d 



+ 
d 



+ 
d 

(cl) 
d 



d 



■f- 
+- 

+ 
( + ) 

+ 
d 
d 
d 
+ 



" +. yo% i)r more of the siraias arc nosiiivc- f wi'v, ». TT ^ 

weakly p..i,ivc; -,n,o 10% oflhcs^ra"™^^^^^ 

"'^iT's:Snh'rr'r ^^^^ . r^i^^r r^i r ""'^^ 



Antibiotic susceptibilities. As determined by aear disk dif 
iision tests, all strains of 5. vauius- arc susccptfble ?o furlo ' 
done penicdlin, erythromycin, and clindam^dn All S 
resistant to bacitracin and novobiocin. fh"ce^ S^^^ 
produce pattern type dd 756 (DD 756- DD 4524 Tnd DO 
4753) are resistant to tetracycline 

ni t^V^' »^:> (- DD756). Ithasall of the characteristics of (ho 

Shod " p-p-^- 

.in^"'. ''"'.•''P'».<="cal (diameter, 0.9 to 1.1 urn) and occur 
Mngly, In pairs, in tetrads, and in clusters. ' 

irLTl n° ■"''^'^ "'^"""^d. irregular cento« 

.rreguldr edges and cream pigmentation; the colonic" are 

bknZiTo^a and « pigmented, with a pinkish center 

to 11 mS. f„ 7*""" ^'''SC. niese colonies are approximately 10 
0 1 mm m diameter. p-Glucosidasc is produced. Niu^atK a e 
reduced to mtntes. Esculin is not hydrolyzed TlTe sTa^da^d 

Acid IS produced aerobically from o-xylose and o-ribose No 
X.^^"^ o-c^lobiosc'^^fSTaS 
TT>e type strain is resistant to tetracycline, 
"le guanmc-plus-cytosine content of the DNA is 34 mol% 

suirwh^^ th containing rRNA sequences tiwt 
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features that arc u.scful for di.stinguishing .V. vuulus from other 

nowibiocin-resistanl, oxidasc-positivc LnhT 

arc summarized in Table 4 ''"'Pf'yl'x^occus spcc.cs 
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Appendix B 

Strain Cards Showing Additional Details of i\/lorphological 
and Pliysiological Characteristics 



Genus; 



Species: 



Streptomvces 



ST 104890 



Numbers in other collections: DSM 4200 

Morphology: 

ISP 2 



ISP 3 



ISP 4 



ISP 5 



ISP 6 



ISP 7 



G 

good 
A 

beige red 
G 

good 
A 

beige red 
G 

good 
A 

beige 
G 

good 
A 

none 
G 

good 
A 

none 
G 

good 
A 

None 



Spore chains: 
Sporangia: 

Melanoid pigment: 
NaCl resistance: % 
Lvsozvme resistance: 
fiH: Value- 
Temperature : Value 
Carbon utilization: 
Glu 



Enzymes: 
Gel 
+ 
2(+) 
12+ 

Comments: 



R 

saffran yellow 
SP 
none 
R 

red orange 
SP 
none 
R 

oxide red 
SP 
none 
R 

sand yellow 
SP 
none 
R 

honey yellow 

SP 

none 

R 

brown beige 

SP 

none 

Spore surface: 
Fragmentation: - 



Optimum- 
Optimum- 28 °C 



Ara 


Suc 


Xyl 


Ino 


Man 


Fru 


Rha 


Raf 


Cel 


++ 


+ 


+ 


+ 


+ 


++ 


+ 


+ 


++ 


Cit 


Ure 


Arg 


Onp 


Trp 


Lys 


Ode 


VP 


Ind 


+ 


+ ■ 


+ 


(+) 






+ 






3- 


4+ 


5- 


6+ 


7+ 


8+ 


9+ 


10+ 


11 + 


13- 


14+ 


15- 


16+ 


17- 


18+ 


19+ 


20- 





H2S 



Genus: 



Species; 



Streptomyces 



FH 6387 



Numbers in other collections; DSM 4211 

Morphology: 
ISP 2 



ISP 3 



ISP 4 



ISPS 



ISP 6 



ISP 7 



Spore chains: 
Sporangia: 

Melanoid pigment: - - + - 
NaCl resistance: % 
Lysozvme resistance: 
fiH: Value- 
Temperature : Value- 
Carbon utilization: 

Glu Ara Sue 
+ 

Enzymes; 

Gel 
+ 

2+ 

12+ 
Comments: 



G 


R 


good 


i«.wil UlUWIl 


A 


SP 


beiee red 


ciay orown 


G 


R 


good 


nrnwn Kpioa 

UlKJvVll UCi^C 


A 




beiee red 


none 


G 


p 

iv 


fiood 




A 




grev white 


Clay Drown 


G 


rv 


good 




A 


SP 


none 


none 


G 


R 


good 


sand vellow 


A 


SP 


none 


none 


G 


R 


good 


sand yellow 


A 


SP 


none 


none 




Spore surface: 




Fragmentation: - 



Optimum- 
Optimum- 28 °C 



Xyl 



Cit 


Ure 


Arg 


+ 


+ 


+ 


3+ 


4+ 


5+ 


13- 


14- 


15- 



Ino 


Man 


Fru 


Rha 


Raf 


Cel 












+ 


Onp 


Trp 


Lys 


Ode 


VP 


Ind H2S 






+ 


(+) 






6+ 


7+ 


8+ 


9+ 


10+ 


11+ 


16+ 


17- 


18+ 


19+ 


20- 





Genus; 



Species; 



Streptomyces 



FH 6388 



Numbers in other collections; DSM 4349 



Morphology: 





G 


p 

IV 


ISP 2 




maize yeiiow 




A 


CD 

or 




SfllllTTPl OTPV 


none 




G 


Xv 


ISP 3 




sand yellow 




A 


CD 

or 






none 




G 


p 


ISP 4 


good 


copper Drown 




A 


CTJ 

or 






none 




G 


p 


ISPS 


good 


sand yellow 




A 


SP 




nnnp 


none 




G 


R 


ISP 6 


good 


sand yellow 




A 


SP 




none 


beige grey 




G 


R 


ISP 7 


good 


sand yellow 




A 


SP 




none 


none 


Spore chains: 




Spore surface: 


Sporangia: 




Fragmentation: - 



Melanoid pigment; - - 
NaCl resistance: % 
Lysozyme resistance: 
pH; Value- 
Temperature ; Value 
Carbon utilization: 
Glu Ara 



Optimum- 



+ 

Enzymes: 
Gel 
+ 
2- 
12+ 

Comments: 



Cit 
3+ 

13(+) 14- 



Suc 

+ 

Ure 
+ 
4+ 



Xyl 

+ 

Arg 

+ 
5- 



Optimum- 


28 °C 








Ino Man 


Fru 


Rha 


Raf 


Cel 


+ + 


+ 


+ 


+ 


+ 


Onp Trp 


Lys 


Ode 


VP 


Ind 






+ 


+ 




6+ 7+ 


8+ 


9+ 


10+ 


11- 


16+ 17- 


18- 


19- 


20- 





H2S 



Genus: Streptomvces 

Species: spp. 

Numbers in other collections; DSM 4355 



FH 6389 



Morphology: 





G 


R 


ISP 2 


eood 


boiiu yeiiow 




A 


SP 






ocher brown 




G 


R 


ISP 3 


eood 






A 


Or 




S^^J VVlllLC 


iigni pinK 




G 




ISP 4 


good 


Tint nm\xm 




A 


or 






none 




G 


p 


ISPS 


good 
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Soore chains: 




Spore surface: 


Sooransia: 




Fraementation: - 



Melanoid pigment: 

NaCI resistance: % 
Lysozvme resistance: 

EHI Value- Optimum- 

Temperature : Value- Optimum- 28 °C 

Carbon utilization: 
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Comments: 

















Genus: 



Species; 



Streptomvces 



ST 101396 



Numbers in other collections; DSM 13309 



Morphology: 
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Spore chains: 




Spore surface: 


Sooraneia: 




Fraementation: - 



Melanoid pigment; -++• 
NaCl resistance; % 
Lysozvme resistance: 
EHi Value- 
Temperature ; Value- 
Carbon utilization; 

Glu Ara Sue 
+ + 

Enzymes; 

Gel Cit Ure 

+ + + 

2+ 3+ 4+ 

12+ 13+ 14+ 

Comments: 



Optimum- 
Optimum- 28 °C 



Xyl Ino 
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+ + 
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+ 
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Appendix C 

Figures 1 and 2 Showing Colony Color and Growth 



Figure 1 

Colony color and growth of Strevtomvces sdd DSM 4200 (ST 104890), Strevtomvces sm 
DSM 4211, Strevtomvces spy DSM 4349, Strevtomvces sm. DSM 4355 and Streuiomvces 
SDD.3SM 13309 (HAG 012114) . grown on ISP 2 for 14 days at 28°C (same experiment, 
different background/illumination) 




Figure 2 

Colony color md growth of Strevtomvces spy PSM 4200 (ST 104890), StFeptomvces spy 
DSM 4211, Streptomvces spp DSM 4349, Streptomvces spp. DSM 4355 and Streptomvces 

13309 (HAG 012114). grown on ISP 3 for 14 days at 28°C (same experiment, 
different background/illumination) 



Appendix D 
Details of the Fatty Acid Analyses 



Fatty Acid Analysis: 



E039304.57A [2268] st 104890 

Volume: DATA File: E039304.57A 

Type: Samp . Bottle: 12 

Created: 30.09.03 16:15:20 
Sample ID: st 104890 



Seq Counter: 14 
Method: HMR 



Page 1 



ID Number: 2268 



Profile: 

l™-„"SlllR??i[>!?j^ 



i,499 i 

1,70 7 { 
' l,763*r 



1,84E+7| 0,018 
i^WSEVs T' 0.023 



4666 



4372 



1,840 j 



0,025 



0,020 



24916 1 0.024 



2.238 i 1509 i 0,034 



2,984 , 



3,650 ' 
6,331" 



935 i 0,023 



7,750 1 
' 7.884 ' 



1973 I 
34481 
"30571 
■ 9240: 



0.023 
0,034 



S.3 l b ' 



9,05 
9,322 
"9,630* 



9.925 



11,148 



1409 



1976 

'ibosi 

' 3558 



5001 



2405 



0,038 
" 0,036 

a038 
" 0,040 



RFacI 



m 



ECL 

6.944 



6,996 
''7,389 



7,508 



7,674 



Peak. Name 



SOLVENT peak" 



8,524 I 



10.082 j 



1,005 ! 



0,040 
0,645 



0,040 



0,042 



0,984 ; 
0,983 !' 
'a978'p 
0,970"! ■ 



11,081 

_..&.6r8 



0,968 
" 0.965' 



0,962 



ECL Deviation: 0,001 
Total Response: 43087 
Percent Named: 93,25% 



0,953 



"i4;622 
24,712 
147999 

]5'626 
15,817 



15,999 



16.722 



"15:0 ISOT 
15:0ANTHISO 



Percent i Comment 1 

— I < min rt 



i < min rt 



— ! < min rt 



i < min rt 



< min rt 



— ! < min rt 



8,85 



15:0 

i6:]JS0H 
i 676 ISO" 
16:i CIS9 " 



16:0 



17:0 ANTEISO 



7.69 
23^20 

4,90 



24.93 
"'12,30 



5,86 



ECXdcyiatcs O.066 



ECL devjaies 0,001 
'EGfdeviaiw 0^0 1" 
JCLdevTates"-0,00'r 



"ECLdeviaigs'oTOOO" 



ECL deviates 0,000 



ECL deviates -O.OOT 



Reference ECL Shift: 0,006 
Total Named: 40178 
Total Amount: 39142 



ECL deviates 0.000 



Commentl 



Reference 0,668 



^.^rH5??i 0.007 
PUjlCTcncc 6,007 



Reference OTOOS 



Reference "O.665 



r Reference 0,003 



! ReferCTce 0.003 



Number Reference Peaks: 7 



f 



E039304.57A [2288] fli 6387 

Volume: DATA File: E039304.57A 

Type: Samp Bottle: 32 

Created: 01.10,03 01:13:32 
Sample ID: fh 6387 



Seq Counter: 36 
Method: HMR 



ID Number: 2288 



Page 1 



Profile: 

I _RT! Response ' Ar/Hl 



~ 1,653 
"l'703 



1,767 



1.819 



1,S45 



"2.014 



"'2,396' 
3,658 



5,1 14 

"67340 
""6;839 
_7,762^ 

7,895 



2^5'87E+8~=_0>24 
283 1 ] 0,02T 
' " 2991 r o.023 



8,321 



9,061 



9,334" 



9.641 



9,936 i 



"l0,64ri 



I I'm] 



'\ L279 \ 



'l"i;632 i 



4771 



3163 



6602 



5034 



1478 
Jl2"78 
"125J 
120649 
2260 
"*J6379 
'51000 



5808 



0,021 



0,021 



^025 

o.oTo" 



0.024 
0^034 



0,031 i 



_M«li „IlCL i Pcait Name 



6,946"T~ 



- — < min rt 



J^27lT 
7,376 I 



7,623 



7.679 



0,033 i 



— -i J,040 
— i 8,S52' 

1.029: 12,613 



1,003 ' 



0,037 j 
d'037T 
0;038T 

'ao38 r 



0,994 ! 
0^2 I 
0,980 i 
^0,975^ 



13:0 iSO 



13,617 

T4,'600 
,j4,62l^_ 

"14;? 12 !j5:0ANTi|lSO" 

i"5,'odd] i5":0 



1 4:6 ISO' 
14.0"" ■ 

I's'iOlSO 



0,55 
8,82 
0,96 



i Comment^ 



< minn 



< mina 

< min n 



< minrt 



ECL dev iates 6,000 



Reference o!W4 



JX^AjJCl- deviate 0,00 1 



50492 ; ~6'd39 



13473 1 0.043 



20759! 0,042 



5343 ! 
i6539 I 



0,044 
0.044 



6650 i 0,042 



11,1661 16251 r 6,042 



2460 i "6,044 



4510! 0.644" 



0.965 ! 15,626 



0,962 I 15.816 



WO M 5,999 



0,955 
'6,953 i 



16.415 
16,525 



-Pi?A2J i'6,630 



0,951 { 16.722 



0,950 1 16,792 



"13. 363 j 1816 ] 0,0fM 

ECL Deviation: b,00i' 
Total Response: 243361 
Percent Named: 99,47% 



J?:948i 
0.9371 



lliPOi 

"'fs.ooo' 



16:1 ISO H 



.1 2!r?lj_iCLtleWalK 0,001 

' 2,4 1 1 ECL deviales" OOOO ' 



i Rejerence 6!b01 
_ ! Reference '6,662 
TRelrerence '6,063 " 



16:0 ISO" 



5.13 j ECL deviates -O.OOT 



i Reference 0,601 



16:1 CIS 9 



.^IQiZjJlgLjdgv'atcs 0,000 



[ 



5,52 



16:0 



16^9?MfrfHVL 
17:1 ANtElSO C ' 



n'^oTso' 



17:OANTE1SO 
ly CIS92 

17:0^ ^ 
18:6 



8,48 
J, 17 
"' 4,28 
„ 2,69 

'6.58 



ECL dgviaic s -0 



.^9ripv|at^irM01_ 



-S^deyiatK-O.OO 1~ 



ECL deviates 0,000 

0.660" 



Reference ECL Shift: 0,002 
Total Named: 242083 
Total Amount: 234897 



J,82] ECLdeviat^ 0,00 1' 
0,72 I |cGl'c"viates ''6.666 ■ 



Reference 0,001 



Reference -0,001 



Reference 6,000 
Reference 0.666 



Reference OTOOO" 



'Reference -0,002 



Number Reference Peaks: 12 



E039304.57A [2287] Hi 6388 

Volume: DATA File: E039304.57A 

Type: Samp Boule: 31 

Created: 01.10.03 00:49:04 
Sample ID: fh 6388 



Seq Counter: 35 
Method: HMR 



ID Number: 2287 



Pagel 



Profile: 

RT j Response 

!.5p3 j i78J9l+7 
1^28 r2T643E+8 
1,842' ~ 17593; 
2.941 ' 2097 



3,003 



3.662 



4J12 
4,450 



4.556 
5.1 15 ; 
'5.212' 
5,535"j 
6.341 : 



2708 



"2531 



Ar/Ht 

'o'oi'8 



0,024 



0,027 
0,042 



0^034 



0.04) 



1402! 0,022 
""2228'i ■'0.029 



4733! 



0,030 
6.03 



jrjPjj^ ! YcC\ Peait Name 



6,947 i 
10.001 



10.096 



— _- 1 _1 1.084 
1,062! ri,608 



1.049; 11_,999 



■2016 7 0,03lT 
'1610 [' 0,032 * 



1,162 



8.108 



8.322 



^681 7i') 6;633 
16574 r"a{)35 
1034711 0.037 
n5595"8l 0^037 



4679! 0,039 



9.061 I 



32185 i 0,037 



31643 i 0.041 



. .9336 I 176077 f 0,040 



9^642 ! ' 
9,940" 



10.643 ' 



J 47745 i 
■i'55546l 



0.041 



0.041 



ro;s27i 

'il^os'l 



47024 I 0,042 



1,046 
'1,029! 
1,027 j 



1,1^3 
'b.994 



12.09<S 
'12.612 
j 2,761 
12,998 



SOLVENT PHAK" 



10:0 



Percent J Commcncl 

y-- ! < min n 

— i < min It 



[ Com men 1 2 



< min n 



-A2A:JPltl<?via^s 0,001 



.1 Reference 0,014 



12:0 ISO 



12:0 

iiroisdjOH 

13:0 ISO 

ii'OANfElSO" 

i3:0"" 



0.14 j ECL deviates 0.000 



0,22 



0,982 



" 0.980 



0,978 



0.975 



0,968 



0.965 



0,962 
6.960 



0.955 



J 3,6 1 7 
13.999 



14,622' 



14,713 



14,855 



15.000 



15.457 



J5^27 



J5,8I7 
16,066 



J 6.4 1 6 



. J11SIP?!?W3 T '""0,953i"f. 16^524 



14:0 ISO"' 
"14:0"" 



0,45" 

'■6;t9 

6,15 



15:0 ISO 



637 
1.54 



15:0 ANTEISO" 



9.47 



15:1 B 



14,25 



15:0 



16:1 ISOH 



J),43 
2.93 



16:0 ISO 



leTcfso"' 
i6:6"""" 



II, 160 

'iT,286 



21432 \ 
44257' 



6,0431 
0,041 



"l l."44l' 



11,633 



20475 : 0,043 



9367 r 6,051 



11,886. 



18117! 0,042 



1797 



ISpoT 

12.96"31 



2437 



13,057 ! 



2144 



13365! 



2485" 



2754 

■ '2185 



0.047 



0,050 



0,047 



0.045 



0,048 



0,952 
6.951 



_0.950 
0.949' 



0,948 



0,946 



0,943 



0.942 



16,'636 
■16.721 



_ 16,792 
16.888 



17,001 



17,147 



17,466 



! 6:0 9^"MEf HYL " 



2,85 



ECL deviates -0,001 
EC'L deviates o'OOO 



Reference 0.008 



Reference 0,006 
MlirT^nce 9,005 " 



ECL deviaies -OJWl " 
ECL deviates -6.001 



iR eifererice" 6,003' 



M^LSyI?!^ o^6o 1 



ECL deviates 0.002 " 
ECL d eviate -0.001 



1 ^'^.(HH?" P'002 
i Reference 0^662 

iRcf^CTicO^^^™ 



ECLdcviates O.OOO 



15,84 
13.26 
13.92 



EC L devia tes -0.0O4 ' 



I7M: ANTEISO^C" 

17:0 ISO"" 

'l 7 :6^ ANTEISO ' ~ 



4,18 



j-^Lfi£^tcs 0.00 r 



Reference 0,662 



ECL deviates '6.666 



ECLdcviates 0.000 



jRcftrence 0,002 



i^tcfcrcnce 6166 i 



17:1 CIS "9 



17:0 CYCLO 



17:0 



16:0 ISO 30H 



18:1 ISOH 



nyr?!" 16:0 i'off 

17. 767 rT s7l"cjS9" 



0940 

rjPa939 i_; 1722irSum FcaftTrc"? ^ 



. 0,937' T7.99S; 



J8:02 
Summed iFca'nire 7 



ECLdevia^^^ 
ECL deviaies^^O 
"ECL'dcv-iatcs -O'OQI " 



1,90 

IM.. 

...h^ LI EO-^eviates 0^ 
_a83 J E CL deviates" "0.000 ' 



jRcfcrcnc£ 0,0_66 " 



1. 60 j ECLdcviates 0.001 ' 



0.16 j ECLdcviates 0,002 



J>.22 i ECL deviatK^ 0,006 
...OilLilCLdevh^^^ 



...A' 9] ECLdevi^es^^F 
_a22j EC L deviates -0.00 1 



0,24 ECL deviates -0,002 
0.22 ; 18:rciS i V/t9/t6 



Reference 6.(Hi)6 



Refe reiKe 0,001 



I8:rcis I l/i97t6 



ECL Deviation: 0,002 
Total Response: 1111543 
Percent Named: 99,53% 



Reference ECL Shift: "0,605 
Total Named: 1106304 
Total Amount: 1072624 



LiM*T'RANsr6/t9/c'ii' 



] Reierence -0,002 " 
. J l8:I TRANS 9/t(S/c 1 1 



Number Reference Peaks: 18 



E039304.57A [2267] fh 6389 

Volume: DATA File: E039304.57A 

Type: Samp Bolile: 1 1 

Created: 30,09.03 15:50:51 
Sample ID: fh 6389 



Page 1 



Seq Counter: 1 3 
Method: HMR 



ID Number: 2267 



Profile: 



RT 1 Response 

"i.707'i """iisss 



TOTAL RESPO NSE LESS TH^W jU^^ CONCENTRATE AND RE-RUN 

DscnnncA A v/lJt ! Dt7_— * t r»^i I n_ _.. »'> '™'^ ' 

— ; <minrt 



2,015 I 



2391 



3930 



6329. 

7.74S I 2971 ; 0,037 



1654 



Ar/Hl 

0,0 i'8 



0,024 
0;025 



0,024 



0.021 



0,035 



7.882 i 



_9.3J9! 
9,924|" 

ir.i46 r 



4467j~ 6;g38 
6M9 ''6,04] 
4405 ' " "O^O 
"i'899l"0,043"' 



Mact j7 . JCL I Pea k \a me" 



_6,947 



7jboi 

"7,39f 
^^582 
8,051 



1,005 j 13,618 



0.984 ■ 14,621 



0,983TT4,7IJ 
. 0,968 i" 75,625 
0,962 I "' 16.000" 
_6,953 1 16,722 



' CommentZ 



SOLVHNT peak" 



A... 



14:0 ISO 



15:0 ISO 



J5;0ANTEISO 
16:0150 
16:0 

ntOANTEISO 



™ jj<niin rl_ 
— i < min rt 



I <minrt 



'7.96] ECL deviates 0.000 



14.00 j ECL deviaics 6,000 



; Refer ence 0,006 



" 21,02 
28.04' 



ECJL "61600~ 
E(X'deviates 



i Reference 0,006' 



i'Reference 0,006 



i Reference 0,663 " 



20 Jo i ii:L.dc\iaVcs'''6;(^^ 
8,67 i HCl^eviatKOj^ J Re faence 0,602j 

Number Reference Peaks: 6 



ECL Deviation: 0,000 Reference ECL Shift: 0,005 

Total Response: 21445 Total Named: 21445 

Percent Named: 100,00% Total Amount: 20877 

Profile: TOTAL RESPONSE LESS THAN 40000,0. CONCENTRATE AND RE-RUN 



Matches: 

Library Sim Index Entry Name 

HMRl 1.00 (No Match) 

HMR2 1.00 0,013 Streptomyces-spp. 

0,0 1 2 Actinoplanes-spp. 



E039304.57A[2281] hag 01 2 114 



Page I 



Volume: DATA File: E0393O4.57A Seq Counter: 28 ID Number: 2281 

Type: Samp Bottle: 25 Method: HMR 

Created: 30.09.03 21:57:50 
Sample ID: hag 012114 



Profile: 





I Response 


T Ar/Hl 


j RFaci 


! FCI. 


Peak Name 


1 Percent I Commenll 


1 Cnmmrntl 


1,501 


l,7!2E+7 


0,018 




'6,945 






; < min n 


l".526 


"'X929E+8 


"0,024 




: 6,998 


SOLVnNTPFAK 




1 < min rt 




\ 1,653 


6142" 

._.„. 


0,6l6 




1 "'7,269" 






1 < min rt 




; 1,699 




* 0'b2"4 




7,368 






< min rt 




1.728 


; 952 


0,017 




: 7,429 






< minrt 




1.764 


14645 


0,019 


— ! 7,507 




< min Tt i 


K8I7 


8614 


0,017 


— 


; 7,619 




< min rt 




1,845 


12742 1 0,023 


— - 


7,679 






< min rt 


• 


"27616 


2^*^29 


0,019 




""*' '8.032 






< min rt 


! 


2.140 1 921 
2.392 ; 1149 


0,033 




8,309 
8,846 






< min rt 

< mi n rt_ 




2.509 
" ■3;036 


1138 


0","023 




" 9;69'6' 










r79i 


0,024 




" 10,151 










3.852" 


2r98" 


0,040 




'Tfjo?" 








1 


"""^iid' 


"1391 


0,029 




'11,609 


12:0 ISO 


0.30 


ECLdeviales 0.001 


Reference 0,012 ] 


5,113 


2676 


0,033 


1,029 


"12,612 


"13:0 ISO 


0,56 


ECL deviates 6,000 


Reference 0,008 


5.209 


2799 


0,034 


1,027 


12,701 j ,13:0ANTEISO 


0.58 


ECLdeviales 0,000 


Reference 0,008 J 


6,338 


43375 


0,034 


1,004 


13,617 


14:0 ISO 


8,84 


ECLde\'iaies -0,001 


Reference 0.005 


; 6,453 


1439 


0,038 


1,001 


13,705 


14:0ANTEISO 


0,29 


ECL deviates -0,002 


Reference 0,003 


r 6,835 


5542 


6,035 


0.995 


13,998 


14:0 


1,12 


ECL de\'iales -0,002 


Reference 0,003 


1 7,759 


'" ■ ' 37082 


0,038 


0,983 


' i4,'622 


15:0 ISO 


7,41 


ECLdeviales 0,001 


Reference 0,005 


I 7,894' 


" 111625" 


■ 0,038' 


"6,98] 


"l4;713 


15:0 ANTEISO 


22,26 


ECIjdeviales 0.002 


Reference 0,006 ; 


= 8,319 


"794g 


"6;b39 


6,976 


15,000 


15:0 


1,58 


ECL deviates 6,666 


Reference 0,003 j 


r "9,060 


16593" 


"6,041 


6.969 


"■"'15,459 


16:1 ISOH 


3,27 


ECL deviates -0.002 






i i'73T4 


" 6,038" 


■ 0,967 


' 15,628 


16:0 ISO 


"23,041 


ECLdeviales 0,002 


Reference 0,004 


"9,640 


26209^ 


'"0,044" 


6,964 1 


15,817 


76: 1 CIS 9 ] 


5,13] 


ECLdc\'iatcs 0,000 




9/38 


6369 


6,042 


0.962 j 


15,946 


15:0 ANTEISO 20H 1 


1.25 


ECLde\'iates 0,004 




9,935 


44745 ^ 


0,039 


0.961 i 


16,000 ! 16:0 


8,74 : 


ECLdeviales 0,000 


Reference 0.002 ^ 


10,641 j 


10344 


0,045 


0.956 ' 


16,416 


16:0 9?METim- 


2,01 


ECLdeviales 0,000 




1 10.821 i 


13580 


0,044 


0,955 i 


16,522 


17:1 ANTEISO C 


2,63 \ 


ECLde%'iates -0,003 




j 11.000' 


12019 : 


0.042 


0,953 j 


16,628 


17:0 ISO 


2,33 i 


ECL deviates -0,00! 


RefereiKe 0,000 ! 


j 11,159 


31936 1 


0,042 


0,952 i 


16,722 


17:0 ANTEISO 


6,18 i 


ECLdeviales 0.000 


Reference 0.001 j 


i 11,391 


3466 : 


0,0371 


0,951 1 


16,859 


16:0 ISO 20H 


0,67 i 


ECLdeviales -0,003 




" 11,4391 


5166J 


"6.046 ' 


0.950 


16,887 


i7:6"CY'cL"0 


1,00 ; 


ECL deviates -0.001 


'Reference 6,'666 j 


1 11,629] 


3263 i 0,042 




16,999 


17:6 ' " i 


0,63 ; ECLdeviales -0.001 


Reference 0,000 


13,361 •■ 


950 1 


0,039 i 


0,939 1 


18,001 


18:0 i 


6,18 J ECL deviates 0,001 


Reference 0,001 ' 


"T8,229l 


1894 1 


0,04 M 








1 


> max rt j 


t 



ECL Deviation: 0,002 Reference ECL^Shift: 0,00^ " Number "Reference Peaks: 16 

Total Response: 5 1 0959 Total Named: 50583 1 

Percent Named: 99,00% Total Amount: 492 1 73 



= ST 101396 



Appendix E 
RiboPrints of the Ribotyping Analysis 




198-1^9-3 83-1318 Streptomyces sp. <None> RIBOIC 1^1389-S-3 1.88 
139-667-6 DSM41634 Streptomyces fradiae <None> DSMZ7 139-667-S-6 8.69 
139-585-2 DSM4e482T Streptoayces iakyrus <None> DSM27 139-585-S-2 8,29 
198-1389-6 83-1313 Streptomyces sp. <Hone> RIBOIC 198-1389-S-6 8.29 
198-565-2 DSM48468T Streptomyces griseoloalbus <None> RIBOIC 198-565-S-2 8.28 
139-641-2 DSM48945T Streptomyces crystallinus <None> 139-599-S-5 8.27 

198-1389-4 83-13il Streptomyces sp. Streptomyces coeruleorubidus RIBOIC 198-1319-1 
198-1389-5 83-1312 Streptomyces sp. <Hone> RIBOIC 198-1389-S-5 8 
198-583-5 DSM48893 Streptomyces netropsis <None> RIBOIC 198-583-S-5 8.16 



198-1389-2 83-1389 Streptomyces sp. Streptomyces rutgersensis ss. castelarensis RIB0l;l9i-1389-S-2 i 
8.88 way*! 




Kuniber/ Label/- Presumptive ID L^jy f^oGrou^' sl^ 



X98-1389-5 93-1312 Streptoayces sp. <None> RIBOIC 198-1389-S-5 1.68 
139-585-2 DSM48482T Streptomyces iakyrus <None> DSMZ7 139-585-S-2 8.65 
139-641-2 DSW48945T Streptooyces crystallinus <None> DSMZ7 139-599-S-5 8.64 
198^1389-4 83-13U Streptoayces sp. Streptomyces coeruleorubidus RIBOIC 198-1^9-3 
198-1389-6 63-1313 Streptcwyces sp. <None> RIKJIC 198-1^-5-6 6.48 



198-1389-2 63-1389 Streptomyces sp. Streptomyces rutgersensis ss, castelarensis RIl 
8.37 

198-583-5 DSM48893 Streptomyces netropsis <None> RIBOIC 198-M3-S-5 8.28 
198-565-2 DSM4e468T Streptomyces griseoloalbus <None> RIBOIC 198-565-S-2 6,26 
198-1389-3 83-1318 StreptCMsyces sp, <None> RIBOIC 198-1^9-S-3 6.18 
139-667-6 DSM41634 Streptomyces fradiae <None> DSt»C7 139-667-S-6 6.18 




1389-S-2 



Number/ Label/ Presumptive ID/ DuPont- 10:]^^ feboGroup/ Sim tbT^Sel^ 



iroup/ Sim ti^l ■ 



198-1389-5 63-1312 Streptomyces sp. <None> RIBOIC 198-1389-S-5 1.68 
139-585-2 DSM48482T Streptomyces iakyrus <None> DSMZ7 139-585-S-2 8.65 
139-641-2 DSM48945T Streptomyces crystallinus <Hone> DSMZ7 139-599-S-5 8.64 
198-1369-4 63-1311 Streptomyces sp. Streptomyces coeruleorubidus RIKJIC 198-13^^^ C|i4d 
198-1389-6 83-1313 Streptomyces sp. <Hone> RIBOIC 198-1^9-5-6 8.48 



1^1^9-2 63-1^ Streptomyces sp. Streptomyces rutgersensis ss. castelarensis RIl 
8.37 

198-583-5 DSM46e93 Streptooyces netropsis <None> RIBOIC 1^563-5-5 8.28 
198-565-2 0SM48468T Streptomyces griseoloalbus <None> RIKJIC 198-565-5-2 8.26 
198-1^9-3 63-1318 Streptcwyces sp. <Hone> RIBOIC 198-1^(9-5-3 8.18 
139-667-6 051441634 Streptooyces fradiae <Hone> DSMZ7 139-667-5-6 8.18 




S-2 



